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F oreword

Handbook 44 wasfust published in 1949, having been preceded by similar handbooks of various designations and in

several forms, begin:ring in 1918.

Handbook 44 is published in its entirety each year following the Annual Meeting of the National Conference on Weights

and Measures. This 1999 edition was developed by the Committee on Specifications and Tolerances of the National

Conference on Weights and Measures, with the assistance of the Office of Weights and Measures of the National

Institute of Standards and Technology (NIST). The handbook includes amendments endorsed by the 83rd National

Conference on Weights and Measures during its Annual Meeting in 1998.

The National Institute of Standards and Technology has a statutory responsibility for "cooperation with the States in

securing uniformity of weights and measures laws and methods of inspection." In partial fulfillment of this

responsibility, the Institute is pleased to publish these recommendations of the National Conference'

Raymond G. Kammer
Director
National Institute of Standards

and Technology

This handbook conforms to the..concept of primary_use,of SI-(metric) measurements recommended in the-Orr-rnibus

Trade and Competitiveness Act of 1988 by citing SI units before inch-pound units where both units appear together and

placing separate sections containing requirements in SI units before corresponding sections containing requirements in

inch-pound units. In some cases, however, tade practice is currently restricted to the use of inch-pound units; therefore,

some requirements in this Handbook will continue to specify only inch-pound units until the Conference achieves a

broad consensus on the permined SI units.

In accord with NIST policy, the meter/liter spellings are used in this document. However, the metre/litre spellings are

acceptable, and are preferred by the National Conference on Weights and Measures.

It should be noted that a space has been inserted instead of commas in all numerical values greater than 9999 in this

document, following a growing practice, originating in tabular work, to use spaces to separate large numbers into groups

of th¡ee digits. This avoids conflict with the practice in many countries to use the comma as a decimal marker.
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Introduction

A. Source. - The specifications, tolerances, and other

technical requirements published herein comprise, in their
latest form, all of the current codes as adopted by the

National Conference on Weights and Measures, Inc.r The

National Conference is sponsored by the National Institute

of Standards and Technology (NIST), which provides the

NCWM secretariat and publishes NCWM documents.

NIST also develops technical publications for use by
weights and measures agencies; these publications may sub-

sequently be endorsed or adopted by the NCWM.

The Conference Committee on Specifications and

Tolerances,2 acting at the request ofthe Conference or upon

its own initiative, with the technical assistance of the

National Institute of Standards and Technology, annually
prepares proposed revisions, amendments, or additions to
the material previously adopted by the Conference (See

paragraph C.) Such revisions, amendments, or additions are

then presented to the Conference as a whole, where they are

discussed by weights and measures officials and

representatives of interested manufacfurers and industries.
Eventually the proposals of the Committee are voted upon

only by the weights and measures officials.

All of the specifications, tolerances, and other technical

requirements given herein are recotrunended by the E. Submission Process. - Anyone introducing an issue to
National Conference on Weights and Measures for official the Committee shall use the regional weights and measures
promulgation in and use by the States in exercising their associations to initially consider its merits. Using the
control of commercial weighing and measuring apparatus. resional associations ensures discussion and evaluation of
A similar recommendation is made with respect to the local isslues at the grass-roots level by involving the regional

_---jur:isdictions-witlrina-Statein.-thrabsence-of-the-.-mernbersin.tlredeveloprnent,'evalu
promulgation of specifications, tolerances, and other of proposals. The regions include the Cenhal,
technical requirements by a State agency.

B. Purpose. - The purpose of these technical requirements

is to eliminate from use, weights and measures and

weighing and measuring devices that give readings that are

false, that are ofsuch consfruction that they are faulty (that

I When sitting as a voting body, the National Conference on

Weights and Measures (NCWM) is made up of State and

local weights and measures officials from all parts of the

United States. The NCWM normally meets annually.

2 Communications to this committee may be addressed as

follows: Executive Secretary, National Conference

onWeights and Measures, National Institute of Standards

and Technology, Gaithersburg, MD 20899.

is, that are not reasonably permanent in their adjustnent or

will not repeat their indications correctly), or that facilitate

the perpetration of fraud, without prejudice to apparatus that

conforms as closely as practicable to the official standards.

C. Amendments. - The Committee on Specifications and

Tolerances of the NCWM provides a mechanism for
consideration of amendments or additions to the

specificafions, tolerances, and other technical requirements.

The following procedures are based on NCWM Publication
3, "Policy, Interpretations, and Guidelines" (see Section 1-

NCWM Management, Subsection | - Organization and

Committees) that were amended at the 83'd NCWM Annual

Meeting in 1998.

D. Submission of Agenda Items - Preamble. - The

Constitution of the NCWM requires that its officers and

Committees observe the principles of due process for the

protection of the rights and interests of affected parties.

Specifically, it requires that Committees and Officers: (a)

give reasonable advance notice of contemplated studies,

issues to be considered for action, and tentative or definite

recommendations for conference vote, and (b) provide that

all interested parties have an opportunity to be heard.

Northeastern, Southern, and Westem Weights and Measures

Associations. For information on the regional associations

contact NCWM, Inc. at the address listed below or, by
telephone at 301-975-4004, or on the Internet at

htp ://www.nist. gov/owm.

F. Procedures

The Committee will consider issues according to the

following procedures:

a. All issues to be considered by the Committee for action

at the upcoming Interim Meeting must be submitted in
writing to the Committee by November 1. Although use of
NCWM Form 15 (see page 7) is not required' it is

recommended for use in submitturg proposals to the

NCV/M. Proposals shall be sent to the Committee at:
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NIST Office of Weights and Measures
Building 820, Room 223
Gaithersburg, Maryland 20899
Attention: NCWM Specifications and Tolerances

Committee

b. A copy of the proposal must be sent to the NCWM's
Executive Secretary at the same address.

G. Criteria for Inclusion in the Committee's Agenda.

a. Any issue approved by at least one regional association
and received by the November I deadline will be

automatically placed on the Committee's Interim Meeting
Agenda.

b. Issues that have not been approved by a regional
association, but which are received by November 1, will be
evaluated by the Committee using the criteria in Section H,
Exceptions to Policy and Section I, Committee Agenda.

c. Any proposal received after the November 1 deadline,
but prior to the Interim Meeting, will be evaluated by the
Committee according to Section H, Exceptions to Policy
and Section I, Committee Agenda. Only those issues

determined to be a national "Prioritv" will be included on its
agenda.

d. Proposals must be in writing and must include:

(1) a concise statement of the issue or problem outlining
the pu¡pose and national need for its consideration. When
possible, an electronic copy of the background material and
proposed amendment(s) should be submitted in a PC
compaïrDre woro processrng document tonnat (e.9.,
Wordperfect, or Microsoft Word) on a high density 8.9 cm
(3.5 inch) disk or by electonic mail using the same format;

(2) background material including test data, analysis of test
data, or other appropriately researched and documented
material from which the Committee will be able to make a
judgment for either a firm recommendation or consideration
of the need for further study;

(3) proposed solutions to problems stated in specific
language in amendment form to Conference documents;
and

(4) practical, realistic, and specific recommendations for
both regulations and test methods to provide for proper
enforcement,.if a proposal involves a new area of weights
and measures activitv.

'When proposals are to modify or add requirements to
existing publications, such as Handbook 44,the proposal

should:

(i) Identify the pertinent portion, section, and paragraph of
the existing publication that would be changed (e.g., Sec.

Ll0. General Code, paragraph G-4.1. Commercial and

Law-Enforcement Equipment.).

(ii) Provide evidence of consistency with other NCWM
publications such as with other specific device code

sections.

(iii) Provide evidence of consistency with Federal laws and

regulations (e.g., USDA)

(iv) Relay the positions of businesses, industries, or trade
associations affected by the proposal including supporting
and opposing points of view.

H. Exceptions to Policy for Submission of Issues to a
Committee Agenda; Submission of "Priority" Issues.

The Committee will use the following criteria to evaluate
issues that have not been approved by a regional
association, but has been received by the November I
deadline. If an issue is received after the November I
deadline, it will be included on an agenda, if the Committee
determines that it is a national "Prioritv."

Criteria for Inclusion in the Committee's Agenda when
no Regional Association has Äpproved the Issues.

(1) Issues must have signif,rcant legal impact on weights and
-mêáSùïeS huiS äädlof iéfulatiónS fnVólúnÈ: -

(a) court cases/attorney general opinions; or

(b) pre-emption by Federal statute or regulation; or

(c) conflict with intemational standards; or

(d) relationship to laws or regulations of an urgent nature
which could affect health and safety.

(2) The Committee may contact parties that are potentially
affected by a issue (e.g., trade associations, indusfry, and

consumer groups) for comments. The Commiftee may
consider these comments and any other information in
determining if the issue should be included on its agenda.



(3) When the Committee determines that it should consider
an issue as a "Priority" (using the criteria in (l), the issue

will be handled in the following manner:

a. A "Priority" issue received prior to the Interim Meeting
may be added to the Interim Meeting agenda by majority
vote of the Committee.

b. A "Priority" issue received after the Interim Meeting

may be added to the Committee's Arurual Meeting agenda

as: (i) a discussion issue by majority vote of the

Committee, or (ii) as a voting item by majority vote of the

Committee and the NCWM Board of Directors.

I. Committee Agenda

a. The Committee will review issues that have been

submitted and selected by majority vote to be included on
its agenda. The Committee will only include those issues

that have been (1) approved by at least one ofthe regional

associations; or (2) forwarded by other committees,

subcommittees, NTETC Sectors, task forces, or work
groups, or those issues that meet the criteria in Section H,
Exceptions to Policy.

b. The Committee will publish an agenda which identifies
the issues.to be discussed during the Interim Meetings. This
agenda shall be disnibuted to members approximately 30

days prior to the meetings. The agenda will be provided
upon request to all other interested padies. [See NC'WM
Publication 15, Policy 1.4.6.1

(Amended 1998)

J. Interim Me¡tin_e

a. The Committee shall hold public hearings at the Interim
Meeting for the purpose of discussing and taking comments

on all issues on its agenda,

b. Upon request, the Committee will provide the

opportunity for presentations by government officials,
industry representatives, consumer groups, or other
interested parties during the Interim Meeting. Requests to
make presentations must be received by the Committee
Chairman or technical advisor at least two weeks prior to
the start of the meetines.

K. Interim Meeting Report

a. Issues under consideration by the Committee, and upon

which it offers comments or reconunendations for
Conference action during the Arurual Meetings, will be

included in the Committee's Interim Reports published in
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the AnnualMeeting, Program and Committee Reports, also

called the Announcement Book. [See NCWM Publication
15, Policy 1.4.6.1

b. The Arurual Meeting, Program and Committee Reports

will be prepared and distibuted to Conference members

approximately three months prior to the NCWM Arurual
Meeting.

L. Classifications for Agenda Items

At the Interim Meeting, the Committee can classify items

for voting by the NCWM membership (indicated with a "V"
after the item number in the agenda or prior to the voting
session). The Committee may also decide to carry issues

over as "Informational" items for fu¡ther study, comment,

and development (indicated with an "I" after the item
number). Items marked uW' in the agenda have been

withd¡awn from consideration.

M. Developing Issues

At the 1998 Annual Meeting, the NCWM established a

process for disseminating information on issues which may
have merit, but are insuffrciently developed for Committee
action. Past practice for handling these issues had been to

either "carry" them forward as informational issues or
withdraw them. Conference members felt that carrying
undeveloped information items drained NCWM resources

but also believed that withdrawn items were often
prematurely discarded despite the valuable work that had

gone into developing the issue. The NCV/M was also

interested in providing a mechanism to inform parties about

issues that are developing in different localities or in the

regional associations,

The NCWM established a new "Developing" designation to

allow the Committees to notify the submitter of the issue,

that, while it may have merit, it may not be adequately

developed for action at the national level. The NCWM
agreed that "Developing" issues should be submitted by the

regional associations with a recommendation that they be

presented as "D" issues on the national agenda. The

Committees will present "D" issues in list format at the end

of their reports and include a point of contact (including the

name and telephone number of the submitter) so that
interested parties can obtain additional information. No
corffnents will be taken on a "Developing" issue, unless the

Committee agrees to receive the new information in
advance of the hearing. In these cases, the Chairman will
announce in advance that an issue will be discussed in the

session. The use of this "D" designator is seen as an issue
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management tool, as well as a way to keep the membership
informed of emerging issues.

N. Comments on Interim Reports

a. Weights and measures officials, indusby representatives,
and all other parties are encouraged to submit written
comments on issues in the Committees'Interim Reports.

b. All cornments on the Interim Meeting Reports must be
submitted to the Committee along with a copy to the
Executive Secretary no later than one month preceding the
opening of the Arurual Meeting.

O. Annual Meeting

a. The Committee will hold a public hearing at the Arurual
Meeting to discuss issues on its agenda.

b. Those who want to speak on an issue during the public
hearings should request time from the Committee
Chai¡man. Time limitations on presentations, the discus-
sion of a question, or amendments may be imposed by the
Committee Chairman. (See NCWM Publication 15, Policy
1.2.3. General Conduct of the Meeting.)

P. Final Committee Reports and Conference Action

a. Following the public hearings, the Committee will
prepare its final report for action by the voting membership
of the Conference. Prior to the session during which it will
be acted on, copies ofeach final report will be provided for
study.

b:--The Chairman of'the-eommittee will present the finat
report of the Committee to the Conference body. A vote
will be taken on issues, proposals, or sections in the report
as circumstances require. The Conference will vote on the
entire final report as presented in accordance with
established Conference voting procedures. Parliamentary
procedure according to Roberts Rules of Order as amended
by NCWM Publication No. l, Bylaws, will be adhered to in
the presentation of and action on Standing Committee
reports.
(Amended 1998)

a. System of Paragraph Designation. - In order that
technical requirements of a similar nature, or those directed
to a single characteristic, may be grouped together in an

orderly fashion, and to facilitate the location of individual
requirements, the paragraphs of each code are divided into
sections. Each section is designated by a letter and a name,

and each subsection is eiven a letter-number designation
and a side title.

The letter that appears first in a paragraph designation has

a specifìc meaning, as follows:

G. The letter G is a prefix and indicates that the

requirement is part of the General Code.

A. Application. These paragraphs pefain to the

application of the requirements of a code.

S. Specification. These paragraphs relate to the design of
equipment. Specification paragraphs are directed
particularly to manufacturers of devices.

N. Note. These paragraphs apply to the offrcial testing
of devices.

T. Tolerance. Tolerances are performance

requirements. They fix the limit of allowable error
or deparhrre from true performance or value.

Sensitivity. The sensitivity requirements, applicable
only to nonautomatic-indicating scales, are

performance requirements and are lettered with a T.

lJR. User Requirement. These paragraphs are directed
padicularly to the owner and operator of a device.

User requirements apply to the selection,
installation, use, and maintenance of devices.

D. Defïnitions of Terms. A definitions section
appears in Appendix D to provide the definition of

- the termshaving a special meaning. -

The numerical designation after a letter follows the decimal
system of paragraph identification that fixes both the

relationship and the limitation of the requirements of the

paragraph. For example, in the Scales Code, under
Specificafions, the following numerical designations occur:

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations

S.1.1. Zero Indication.
S.1.1.1. Digital Indicating Elements.
S.1.1.2. No-Load Reference Value.

S.1.2. Value of Scale Division Units.
S.1.2.1. Weight Units.



S.1.3. Graduations.
S.1.3.1. Length.
s.l.3.2. Width.
S.1.3.3. Clear Space Between Graduations

In this example, Paragraphs S.1.1., S.1.2., and S.1.3' are

directed and limited to paragraph S.1., which pertains to the

design of indicating and recording elements and of recorded

representations. Paragraphs S.1.1.1., and S.1.1'2' arc

dilectly related to each other, but are limited to the design

of zero indication. Likewise, paragraphs S.1.3.1., S.1.3.2',

and 5.1.3.3. are directly related to each other, but are

limited to the design of graduations.

This handbook conforms to the concept of primary use of
SI (metric) measutements recornmended in the Omnibus

Trade and Competitiveness Act of 1988 by citing SI metric

units before inch-pound units where both units appear

together and placing separate sections containing

requirements for metric units before corresponding sections

containing requirements for customary units. Occasionally,

a paragraph or table carries the suffix "M" because the

requirement in SI units is shown as a separate statement,

rather than combined with the inch-pound units. In these

few instances, separate requirements were judged to be

more easily understood than attempting to combine SI and

inch.pound units in a single paragraph or table. In some

cases, however, trade practice is currently restricted to the

use of customary units; therefore, some requirements in this

Handbook will continue to specify only customary units

until the Conference achieves a broad consensus on the

permrtted metric units.

R. Classification of Requirements. - The classification of
-_--reqÏüementlinto"retroã¿trv-ê"'ánlf "ño-ruelÍöactive"-stãhis

is made in order that the requirements may be put into force

and effect without ulìnecessary hardship and without

wholesale condemnation of apparatus. Retroactive

requirements are enforceable with respect to all equipment

and are printed in upright roman type. Noruetroactive

requirements are those that, while clearly desirable, are not

so vital that they should at once be enforced with respect to

all apparatus. Nonretroactive requirements are printed
in italic type.

It is not expected that, after their promulgation in a given
jurisdiction, noruetoactive requirements will always remain

nonletroactlve. It is entirely proper that a weights and

measures official, following a careful analysis of existing

conditions, fx reasonable periods for the continuance ofthe
nonletroactive application of particular requirements, after

which such requirements will become retroactive. These

periods should be long enough to avoid undue hardship to
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the owners or operators of apparatus and, in the case of
some requirements, should approximate the average useful

life of the apparatus in question.

In order that all interested parties may have timely and

ample notice of impending changes in the status of
requirements, the following procedure is suggested for the

official who plans to change the classification of
requirements. If sufficient data are at hand to make such

action feasible, publish in combination with the codes

themselves the date or dates at which nonretroactive

requirements are to become retroactive. In other cases, give

equally effective notice at the earliest practicable date.

A non¡etroactive requirement, in italic type, will indicate

the year from which it should be enforced and, in some

cases, the date the requirement shall be changed to retro':

active status. For example, [Nonretroactive as of 1978 and

to becotne ietroactive on January 1, 19851 . As a general

rule, each nonretroactive requirement is reviewed after it
has been in effect for 10 years to determine the

appropriateness of its nonretroactive status'

S. Using the Handbook. - Handbook 44 is designed to be

a working tool for the weights and measures official, the

equipment manufacturer, installer, and repairman. The

section on Fundamental Considerations (Appendix A)
should be studied until its contents are well known' The

General Code, with general requirements pertaining to all

devices, obviously must be well known to a user of thÞ

Handbook. The makeup of the specific codes, the order of
paragraph pfe5entation, ?nd particularly paragraph

designation are worthy of careful study'

It iln-of deemëd adVisãble fõr-ã usertôãtiempt-to cõmmit to

memory tolerances or tolerance tables, even though these

are used frequentþ. For the Handbook to serve its purpose,

it should be ât hand when any of its requirements are to be

applied. Direcí reference is the only sure way to apply a

requirement properly and to check whether other

requirements may be applicable.

It is the intention of this Handbook to supply criteria which

enable the inspector to determine the suitabilþ' accuracy,

and repetitive consistency of a weighing or measuring

device, both in the laboratory and in the field. However,

not all code sections can be appropriately applied in both

settings. Since some sections are designed to be applied

specifically to tests performed under laboratory conditions,

it would be impractical or unrealistic to apply them to field

tests, Not all tests described in the "Notes" section of the

Handbook are required to be performed in the f,teld as an

official test. An inspector may officially approve or reject
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a device which has been tested in accordance with those
sections applicable to the type oftest being conducted.
(Paragraph added 1996)
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1.10. General Code

Sec. L.L0. General Code

G-A.. APPlication

G-4.1. Commercial and Law-Enforcement
Equipment. - These specifications, tolerances, and other

technical requirements apply as follows:

(a) To commercial weighing and measuring equipment;

that is, to weights and measures and weighing and

measuring devices commercially used or employed

in establishing the size, quântity, extent, area' or

measurement of quantities, things, produce, or

articles for distribution or consumption, purchased,

ofïered, or submitted tbr sale, hire, or award, or in
computing any basic charge or payment for services

rendered on the basis of weight or measure.

(b) To any accessory attached to or used in connection

with a commercial weighing or measuring device

when such accessory is so designed that its operation

affects the accuracy of the device.

(c) To weighing and measuring equipment in official
use for the enforcement of law or for the collection

of statistical information by government agencies'

(These requirements should be used as a guide by the

weights and measures official when, upon request,

courtesy examinations of noncommercial equipment are

made.)

G-4.4. Metric Equipment. - Employment of the

weights and measures of the metric system is lawful

throughout the United States. These specifications,

tolerances, and other requirements shall not be understood

or construed as in any way prohibiting the manufacture,

sale, or use of equipment designed to give results in terms

of metric units, The specific provisions of these require-

ments and the principles upon which the requirements are

based shall be applied to metric equipment insofar as

appropriate and piacticable. The tolerances on metric'

equipment, when not specified herein, shall be equivalent

to those specitied for similar equipment constructed or

graduated in the inch-pound system.

G-4.5. Retroactive Requirements. - "Retroactive"

requirements are enforceable wittr respect to all

equipment. Retroactive requirements are printed herein

in upright roman type.

G-4.6. Nonretroactive Requirements.

"Nonretroactive" requirements are enforceable after the

effective date for:

(a) devices manufactured within a State after the

effective date;

(b) both new and used devices brought into a State after

the effective date; and

G)4errç-eq-u-s-qqin¡tqn-cp¡rytglclql4pPll94!i99!yþicÞ
are placed into commercial use after the effective

date,

Nonretroactive requirements are not enforceable with

respect to devices that are in commercial service in the

State as of the effective date or to new equipment in the

stock of a manufacturer or a dealer in the State as of the

effective date. (Nonretroactive requiremenîs are printed

in tralic rype.)
(Amended 1989)

G-4.7. Effective Enforcement Dates of Code

Requirements. - Unless otherwise specified, each new

or amended code requirement shall not be subject to

enforcement prior to January 1 of the year following the

adoption by the National Conference on Weights and

Measures and publication by the National Institute of
Standards and TechnologY'

G-4.2. Code Apptication' - This General Code shall

apply to all classes of devices as covered in the specific

codes. The specific code requirements supersede General

Code requirements in all cases of conflict.
(Amended 1972)

G-4.3. Special and Unclassiflred Equipment. - Insofar

as they are clearly appropriate, the requirements and

provisions of the General Code and of specific codes

apply to equipment failing, by reason of special design or

otherwise, to fall clearly within one of the particular

equipment classes for which separate codes have been

established. With respect to such equipment, code

requirements and provisions shall be applied with due

regard to the design, intended purpose' and conditions of
use of the equipment.
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1.10. General Code

I G-S. Specifications

G-S.l. Identification. - All equipment, except weights
and separate parts necessary to the measurement process
but not having any metrological eff'ect, shall be clearly
and permanently marked for the purposes of identification
with the following i¡formation:

(a) the name, initials, or trademark of the manufacturer
or distributor;

(b) a model designation that positively identifies the
pattern or design of the device;

(c) excepÍ lor equipment with no moving or electronic
component parts, a nonrepetitive serial number; and

[Nonretroactive as ofJanuary 1, 1968]

(d) the serial number shall be preþced by words, an
abbreviation, or a symbol, that clearly identìfies the
number as the required serial number.

[Nonretroactive as ofJanuary 1, 1986]

The required information shall be so locared that it is
readily observable without the necessity of the
disassembly of a part requiring the use of any means sep-
arate from the device.
(Amended 1985, 199i)

G-S.2. Facilitation of Fraud. - AII equipment and all
mechanisms and devices attached thereto or used in
connection therewith shall be so constructed, assembled,
and installed tbr use such that they do not facilitate the
perpetration of fraud.

G-S.3. Permanence. - All equipment shall be of such
materials, design, and construction as to make it probable
that, under normal service conditions:

(a) accuracy will be maintained,

(b) operating parts will continue to function as intended,
and

(c) adjustments will remain reasonably permanent.

Undue stresses, deflections, or distortions of parts shall
not occur to the extent that accuracy or permanence is
detrimentally affected.

G-S.4. Interchange or Reversal of Parts. - Parts of a

device that may readily be interchanged or reversed in the
course of field assembly or of normal usage shall be:

(a) so constructed that their interchange or reversal will
not affect the performance of the device, or

(b) so marked as to show their proper positions.

G-S.5. Indicating and Recording Elements.

G-S.5.1. General. - All weighing and measuring
devices shall be provided with indicating or recording
elements appropriate in design and adequate in amount.
Primary indications and recorded representations shall
be clear, definite, accurate, and easily read under any
conditions of normal operation of the device.

G-S.5.2. Graduations, Indications, and Recorded
Representations.

G-S.5.2.1. Analog Indication and
Representation. - Graduations and a suitable
indicator shall be provided in connection with
indications designed to advance continuously.

G-S.5.2.2. Digital Indication and Representation.
- Digital elements shall be so designed that:

(a) All digital values of like value in a system
agree with one another.

(b) A digital value coincides with its associated

analog value to the nearest minimum
graduation.

(c) A digital
minimum
recorded.

value "rounds off" to the nearest

unit that can be indicated or

(d) A digitalzero indicationincludes the dtsplay of
a zero for all places that are displayed to the
right of the decimal point and at least one
place to the lefi. When no decimal values are
dtsplayed, a zero shall be displayed for each
place of the displayed scale division.

[Nonretroactive as ofJanuary l, 1986.]
(Amended 1973 and 1985)

G-S.5.2.3. Size and Character. - In any series of
graduations, indications, or recorded
representations, corresponding graduations and units
shall be uniform in size and character. Graduations,
indications, or recorded representations that are

subordinate to or of a lesser value than others with
which they are associated shall be appropriately
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portrayed or designated. lMade retroactive as of
January l, L975.1

G-S.5.2.4. Values. - If graduations, indications,
or recorded representations are intended to have

specific values, these shall be adequately defined by
a suffrcient number of figures, words, symbols, or
combinations thereof, uniformly placed with
reference to the graduations, indications, or
recorded representations and as close thereto as

practicable, but not so positioned as to interfere with
the accuracy of reading.

G-S.5.2.5. Permanence. Graduations.
indications, or recorded representations and their
defining f,rgures, words, and symbols shall be of
such character that they will not tend easily to

become obliterated or illeeible.

G-S.5.3. Values of Graduated Intervals or
Increments. - In any series of graduations,

indications, or recorded representations, the values of
the graduated intervals or increments shall be uniform
throughout the series.

' , G-S.5.3.1. On Devices That Indicate or Record
:in More Than One Unit. - On devices designed to
indicate or record in more tha¡ one unit of measure-

ment, the values indicated and recorded shall be

identified with an appropriate word, symbol, or ab-

breviation.

[Made retroactive 1990] (Amended 1978, 1986)

G-S.5.4. Repeatability of Indications. - A device
-shall- -be-'capable - of repeating ;-- within - prescribed

tolerances, its indications and recorded representations.

This requirement shall be met irrespective of repeated

manipulation of any element of the device in a manner
approximating normal usage (including displacement of
the indicating elements to the full extent allowed by the

construction of the device and repeated operation of a

locking or relieving mechanism) and of the repeated
performance of steps or operations that are embraced
in the testing procedure.

G-S.5.5. Money Values, Mathematical Agreement.
- Any recorded money value and any digital money-
value indication on a computing-type weighing or
measuring device used in retail trade shall be in
mathematical agreement with its associated quantity

representation or indication to the nearest I cent of
money value. This does not apply to auxiliary digita-
indications intended for the operator's use only, when

1.10. General Code

these indications are obtained from existing analog

customer indications that meet this requirement.
(Amended 1973)

G-S.5.6. Recorded Representations. - Insofar as

they are appropriate, the requirements for indicating
and recording elements shall be applicable also to
recorded representations. All recorded values shall be
printed digitally.

lMade retroactive 1990] (Amended 1975)

G-S.5.6.1. Recorded Representation of Metric
Units on Equipment with Limited Character Sets.

- The appropriate defining symbols are shown in
Table l.
(Added 1977)

G-S.5.7. Magnified Graduations and Indications. -

All requirements for graduations and indications apply
to a series of graduations and an indicator magnified by
an optical system or as magnified and projected on a

screen.

G-5.6. Marking Operafional Controß, Indications, and
Feøfures. - AII operational controls, indications, andfea-
tures, includtng switches, Iights, dßplays, push buttons,

and other means, shnll be clearly and definitely idenffied.
The use of approved pictograms or symbols shall be

acceptable. [Nonretroactive as of January 1, 1977.]
(Amended 1978, 1995)

G-S.7. Lettering. - All required markings and

instructions shall be distinct and easily readable and shall

be of such character that thev will not tend to become

obliterated or illegible:

G-S.8. Provision for SeøIing Electronic Adjustable
Components. - A device shall be designed with
provision(s) for applying a securiry seal that must be

broken, or for using other approved means of providing
securtty (e.g., data change audit trail øvailable at the time
of inspection), beþre any change that detrimentøIly affects

the meÍrological integrity of the device can be made to

any electronic mechanism.

[Nonretroactive as of January 1, 1990.]

A device may be fitted with an automatic or a semi-

automatic calibration mechanism. This mechanism shall

be incorporated inside the device. After sealing, neither

the mechanism nor the calibration process shall facilitate
fraud,
(Added 1985)(Amended 1989 and 1993)
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1.10. General Code

Table 1.

Representation of Units

Name of Unit
International

symbol (common
use symbol)

Representation

Form I Form II

(double case) (single case lower) (single case upper)

Base SI units

meter

kilosram

m

ke

m

ks

m

ke

M

KG

Derived SI units

newton

pascal

watt

volt

desree Celsius

N

Pa

w

V

"C

N

Pa

w

V

oc

n

pa

w

v

oc

N

PA

w

V

o11

Other units

liter

gram

metric ton

bar

lorL
çÞ

t

bar

8

t

bar

o

tne

bar

L

G

TNE

BAR

G-N. Notes

G-N.l. Conflict of Laws and Regulations. - If any
particular provisions of these specifications, tolerances,
and other requirements are found to conflict with existing
State laws, or with existing regulations or local
ordinances relating to health, safety, or fire prevention,
the enforcement of such provisions shall be suspended
until conflicting requirements can be harmonized; and
such suspension shall not affect the validity or
enforcement of the remaining provisions of these specif-
ications, tolerances, and other requirements.

G-N.2. Testing With Nonassociated Equipment. -

Tests to determine conditions, such as radio frequency
interference (RFÐ, that may adversely affect the
performance of a device shall be conducted with
equipment and under conditions that are usual and

customary with respect to the location and use of the

device.
(Added 1976)

G-T. Tolerances

G-T.1. Acceptance Tolerances.
tolerances shall apply to:

Acceptance

(a) equipment to be put into commercial use for the lust
time;

(b) equipment that has been placed in commercial
service within the preceding 30 days and is being

officially tested for the first time;

(c) equipment that has been returned to commercial
service following off,rcial rejection for failure to
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conform to performance requirements and is being
officially tested for the first time within 30 days

after corrective service;

(d) equipment that is being officially tested for the first
time within 30 days after major reconditioning or
overhaul; and

(e) equipment undergoing type evaluation.
(Amended 1989)

G-T.z. Maintenance Tolerances. - Maintenance
tolerances shall apply to equipment in actual use, except

as provided in G-T.1.

G-T.3. Application. - Tolerances "in excess" and

tolerances "in deficiency" shall apply to errors in excess

and to errors in defTciency, respectively. Tolerances "on
overregistration" and tolerances "on underregistration"
shall apply to errors in the direction of overregistration
and of underregistration, respectively. (See Appendix D,
Definitions.)

G-T.4. For Intermediate Values. - For a capacity,
indicatiou,load, value, etc., intermediate between two
capacities; indications, loads, values, etc., listed in a table

of tolerances, the tolerances prescribed for the lower
capacity, indication, load, value, etc., shall be applied.

G-UR. User Requirements

G-tlR.l. Selection Requirements.

G:!lB.lrl_:_$Ui!eþ¡!ity_of _Eqqipgtç¡f ,-_!_q¡41ngcral
equipment shall be suitable for the service in which it
is used with respect to elements of its design, including
but not limited to its weighing capacity (for weighing
devices), its computing capability (for computing
devices), its rate of flow (for liquid-measuring
devices), the character, number, size, and location of
its indicating or recording elements, and the value of
its smallest unit and unit orices.
(Amended 1974)

G-I1R.1.2. Environment. - Equipment shall be

suitable for the environment in which it is used

including but not limited to the effects of wind,
weather, and RFI.
(Added 1976)

l.l0. General Code

G-UR.1.3. Liquid-Measuring Devices. - To be

suitable for its application, the minimum delivery for
liquid-measuring devices shall be no less than 100

divisions, except that the minimum delivery for retail
analog devices shall be no less than 10 divisions.
Maximum division values and tolerances are stated in
the specific codes.
(Added 1995)

G-IIR.2. Installation Requirements.

G-UR.2.1. Installation. - A device shall be installed

in accordance with the manufacturer's instructions,
including any instructions marked on the device. A
device installed in a fixed location shall be so installed
that neither its operation nor its performance will be

adversely affected by any characteristic of the founda-
tion, supports, or any ottrer detail of the installation.

G-I1R.2.1.1. Visibility of ldentification. - Equip-
ment shall be installed in such a manner that all
required markings are readily observable.
(Added 1978)

G-UR.2,2. Installation of Indicating or Recording
Elêment. - A device shall be so installed that there is
no obstruction between a primary indicating or
recording element and the weighing or measuring
element; otherwise there shall be convenient and per-

manently installed means for direct communication,
oral or visual, between an individual located at a

primary indicating or recording element and an

individual located at the weighing or measuring ele-

ment. [See also G-UR.3.3.]

G-IJR.2.3. Accessibility for Inspection, Testing,
and Sealing Purposes. - A device shall be located, or
such facilities for normal access thereto shall be

provided, to permit:

(a) inspecting and testing the device;

(b) inspecting and applying security seals to the

device; and

(c) readily bringing the testing equipment of the

weights and measures official to the device by
customary means and in the amount and size

deemed necessâry by such official for the proper
conduct of the test.

Otherwise, it shall be the responsibility of the device
owner or operator to supply such special facilities,
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including such labor as may be needed to inspect, test,
and seal the device, and to transport the testing
equipment to and from the device, as required by the
weights and measures official.
(Amended 1991)

G-UR.3. Use Requirements.

G-11R.3.1. Method of Operation. - Equipment shall
be operated only in the manner that is obviously
indicated by its construction or that is indicated by
instructions on the equipment.

G-UR.3.2. Associated and Nonassociated
Equipment. - A device shall meet all performance
requirements when associated or nonassociated
equipment is operated in its usual and customary
manner and location.
(Added 1976)

G-IIR.3.3. Position of Equipment. - A device or
system equþed with a primary indicating element and

used in direct sales, except for prescription scales,

shall be so positioned that its indications may be

accurately read a¡d the weighing or measuring
operation may be observed from some reasonable
"customer'l and "operatori' position. The permissible
distance between the equipment and a reasonable
customer and operator position shall be determined in
each case upon the basis of the individual cir-
cumstances, particularly the size and character of the
indicating element.
(Amended 1974 and 1998)

-G=UR:3.-4; - ''- Responsibility; - Money'Qperated
Devices. - Money-operated devices other than parking
meters shall have clearly and conspicuously displayed
thereon, or immediately adjacent thereto, adequate

information detailing the method for the return of
monies paid when the product or service cannot be
obtained. This information shall include the name,
address, and phone number of the local responsible
party for the device. This requirement does not apply
to devices at locations where employees are present
and responsible for resolving any monetary
discrepancies for the customer.
(Amended 1977, 1993)

G-LIR.4. Maintenance Requirements.

G-UR.4.I. Maintenance of Equipment. - All
equipment in service and all mechanisms and devices
attached thereto or used in connection therewith shall

be continuously maintained in proper operating
condition throughout the period of such service.
Equipment in service at a single place of business

found to be ir error predominantly in a direction
favorable to the device user shall not be considered
"maintained in a proper operating condition. "

(Amended 1973, L99I)

G-LIR.4.2. Abnormal Performance. - Unstable
indications or other abnormal equipment performance
observed during operation shall be corrected and, if
necessary, brought to the attention ofcompetent service
personnel.
(Added 1976)

G-IJR.4.3. Use of Adjustments. - Weighing elements

and measuring elements that are adjustable shall be

adjusted only to correct those conditions that such

elements are designed to control, and shall not be

adjusted to compensate for defective or abnormal
installation or accessories or for badly worn or
otherwise defective parts of the assembly. Any faulty
installation conditions shall be corrected, and any
defective parts shall be renewed or suitably repaired,
before adjustments are undertaken. Whenever equip-
ment is adjusted, the adjustments shall be so made as to
bring performance errors.Íìs close as practicable to zero
value.

G-t1R.4.4. Assistance in Testing Operations. - If the

design, construction, or location of any device is such
as to require a testing procedure involving special
equipment or accessories or an abnormal amount of
labor, such equipment, accessories, and labor shall be

supplied'by the owner or õper¿Itiit' ¡jf lhe dêvice ãs

required by the weights and measures official.

G-UR.4.5. Security Seal. - A security seal shall be

appropdately affixed to any adjustment mechanism
designed to be sealed.

G-uR.4.6. Testing Devices at a Central Location. -

(a) When devices in commercial service require
special test facilities, or must be removed from
service for testing, or are routinely transported
for the purpose of use (e.g., vehicle-mounted
devices and devices used in multiple locations),
the official with statutory authority may require
that the devices be brought to a central location
for testing. The dealer or owner of these devices
shall provide transportation of the devices to and

from the test location.
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(b) When the request for removal and delivery to a
central test location involves devices used in
submetering (e.g., electric, hydrocarbon vapor,

or water meters), the owner or operator shall not

interrupt the utility service to the customer or
tenant except for the removal and replacement of
the device. Provisions shall be made by the

owner or operator to minimize inconvenience to

the customer or tenant. All replacement or

temporary meters shall be tested and sealed by a

weights and measure official or bear a current,

valid approval seal prior to use.
(Added 1994)
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2.20. Scales

Sec. 2.20. Scales

A. Application

A.l. General. - This code applies to all types of weighing
devices other than automatic bulk-weighing systems and
belt-conveyor scales. The code comprises requirements that
are generally applicable to all weighing devices, and
specific requirements that are applicable only to certain
types of weighing devices.
(Amended 1972 and 1983)

A.2. Wheel-Load \ileighers, Portable Axle-Load
\ileighers, and Axle-Load Scales. - The requirements for
wheel-load weighers, pofable axle-load weighers, and axle-
load scales apply only to such scales in official use for the
enforcement of traffic and highway laws or for the
collection of statistical information by government
agencies.

4.3. Also see General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Zero Indication.

(a) On a scale equipped with indicating or recording
elements, provision shall be made to either indicate
or record a zero-balance condition.

(b) A digital indicating device shall either
automatically maintain a "center-of-zero" conditíon to
+% scale division or less, or have an auxiliary or
supplemental "center-of-zero" indicator that defines a
zero-balance condition to +% of a scale division or
less.

[Nonretroactive as of January l, 1993.]
(Amended 1992)

5.1.1.2. No-Load Reference Value. - On a single
draft manually operated receiving hopper scale
installed below grade, used to receive grain, and
utilizing a no-load reference value, provision shall be
made to indicate and record the no-load reference
value prior to the gross load value.
(Added 1983)

5.1.2. Vølae of Scale Division Units. - Exceryt for
batching scales and weighing systems used exclusively

for weighíng in predetermined amounts, the value of a
scale division "d" expressed in a unit ofweight shall be
equal to:

(a) I, 2, or 5; or

(b) a decimal multiple or submultiple of I, 2, or 5;

(c) a binary submultiple of a specific unit of weight.

Examples: scale divisions may be 0.01, 0.02, 0.05; 0.1,

0.2, or 0.5; 1, 2, or 5; 10, 20, 50, or 100; or, scale
divisions may be I/2, I/4, I/8, I/16,crc.
[Nonretroactive as of January l, 1986.]

5.1.2.1, llleight Uníts. - Exceptfor postal scales, a
digital-indicating scale shall indicate weight values
using only a single unit of measure. Weight values
shall be presented in a decimal formøt with the value
of the scale division expressed as I, 2, or 5, or a
decimal multiple or submultiple of I, 2, or 5.

[Nonretroactive and enforceable as of January I,
1e89.1
(Added le87)

S.1.3. Graduations.

S.1.3.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.

5.1.3.2. \ryidth. - In any series of graduations, the

(b) On an automatic-indicating scale or balance
indicator, provision shall be made to indicate or
reco¡d an out-of-balance condition on both sides of
zeÍo.

(c) A zero-balance condition may be indicated by other
than a continuous digital zero indication, provided
that an effective automatic means is provided to
inhibit a weighing operation or to rehrm to a

continuous digital indication when the scale is in an

out-of-balance condition.
(Added 1987)

(Amended 7987, 1993)

S.1.1.1. Digitat Indicating Elements. -

(a) A digital zero indication shall represent a balance
condition that is within *t/z the value of the scale

division.
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width of a graduation shall in no case be greater than

the width of the clear space between graduations. The

width of main graduations shall be not more than 50

percent greater than the width of subordinate

graduations. Graduations shall be not less than

0.2 mm (0.008 in) wide.

S.1.3.3. Clear Space Between Graduations. - The

clear space between graduations shall be not less than

0.5 mm (0.02 in) for graduations representing money

values, and not less than 0.75 mm (0.03 in) for other
graduations. If the graduations are not parallel, the

measurement shall be made:

(a) along the line of relative movement between the

graduations at the end of the indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.4. Indicators.

5.1.4.1. Symmetry. - The index of an indicator shall

be of the same shape as the graduations, at least

throughout that portion of its length associated with
the graduations.

5.1.4.2. Length. - The index of an indicator shall
reach to the furest graduations with which it is used,

unless the indicator and the graduations are in the

same plane, in which case, the distance between the

end ofthe indicator and the ends ofthe graduations,

measured along the line of the graduations, shall be

- ------nol,morc-tha¡- 1.0-uu-n- (O04 t$).

5.1.4.3. lvidth. - The width of the index of an

indicator in relation to the series of graduations with
rvhich it is used shall be not greater than:

(u) the width of the widest graduation,

(b) the width of the clear space between weight
graduations, and

(c) three-fourths of the width of the clear space

between money value graduations.

When the index of an indicator extends along the

entire length of a graduation, that portion of the index

of the indicator that may be brought into coincidence
with the graduation shall be of the same width
tluoughout the length of the index that coincides with
the graduation.

5.1.4.4. Clearance. - The clearance between the

index of an indicator and the graduations shall in no

case be more than 1.5 mm (0.06 in).

5.1.4.5. Parallax. - Parallax effects shall be reduced

to the practicable minimum.

S.1.5. Weighbeams.

5.1.5.1. Normal Balance Position. - The normal

balance position of the weighbeam of a beam scale

shall be horizontal.

5.1.5.2. Travel. - The weighbeam of a beam scale

shall have equal travel above and below the

horizontal. The total travel of the weighbeam of a

beam scale in a trig loop or between other limiting
stops near the weighbeam tip shall be not less than the

minimum havel shown in Tables lM and 1. When

such limiting stops arc not provided, the total travel at

the weighbeam tip shall be not less than 8 percent of
the distance from weighbeam fulcrum to the

weighbeam tip.

Table lM.
Minimum Travel of Vy'eighbeam of Beam Scale

Between Limiting Stops

Distance from wei ghbeam
fulcrum to limiting stops

(centimeters)

Minimum travel between

limiting stops
(millimeter)

30 or less

30+^ to,5.0, inclusive

50+ to l0Q, inclusive

Over 100

10

l3

l8

¿3
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Table 1.

Minimum Travel of Weighbeam of Beam Scale

Between Limiting Stops

Distance from weighbeam
fulcrum to limiting stops

(inches)

Minimum travel between
limiting stops

(inch)

l2 or less

12+ to 20, inclusive

20+ to 40, inclusive

Over 40

0.4

0.5

ñ'7

0.9

2.20. Scales

S.1.5.3. Subdivision. - A subdivided weighbeam bar
shall be subdivided by scale division graduations,

notches, or a combination of both. Graduations on a
particular bar shall be of uniform width and per-
pendicular to the top edge of the bar. Notches on a

particular bar shall be uniform in shape and

dimensions and perpendicular to the face of the bar.

When a combination of graduations and notches is

employed, the graduations shall be positioned in
relation to the notches to indicate notch values clearlv
and accurately.

S.1.5.4. Readability. - A subdivided weighbeam bar
shall be so subdivided and marked, and a weighbeam
poise shall be so constructed, that the weight corre-
sponding to any normal poise position can easily and

accurately be read directly from the beam, whether or
not provision is made for the optional recording of

_ _Igplgsg4tatioqs_o{welgþt, 
- s.l.T. Capacity lndication, weight Ranges, and unit

Weights.

S.1.5.5. Capacity. - On an automatic-indicating scale

having a nominal capacity of 15 kg (30 lb) or less and

used for-direct sales to retail customers:

(a) the capacity of any weighbeam bar shall be a

multiple of the reading-face capacity,

(b) each bar shall be subdivided throughout or shall
be subdivided into notched intervals, each equal
to the reading-face capacity; and

(c) the value of any tumover poise shall be equal to
the reading-face capacity.

S.1.5.6. Poise Stop. - Except on a steelyard with no
zero graduation, a shoulder or stop shall be provided
on each weighbeam bar to prevent a poise from
traveling and remaining back of the zero graduation.

S.1.6. Poises.

5.1.6.1. General. - No part of a poise shall be readily
detachable. A locking screw shall be perpendicular to
the longitudinal axis of the weighbeam and shall not
be removable. Except on a steelyard with no zero
graduation, a poise shall not be readily removable

from a weighbeam. The knife edge of a hanging poise

shall be hard and sharp and so constructed as to allow
the poise to swing freely on the bearing surfaces in the

weighbeam notches.

5.1.6.2. Adjusting Material. - The adjusting material

in a poise shall be securely enclosed and fumly fixed
in position; if softer than brass, it shall not be in
contact with the weighbeam.

S.1.6.3. Pawl. - A poise, other than a hanging poise,

on a notched weighbeam bar shall have a pawl that
will seat the poise in a definite and correct position in
any notch, wherever in the notch the pawl is placed,

and hold it there frmly and without appreciable

movement. The dimension of the tip of the pawl that
is tansverse to the longitudinal axis of the weighbeam

shall be at least equal to the corresponding dimension
of the notches.

S.1.6.4. Reading Edge or Indicator. - The reading

edge or indicator of a poise shall be sha¡ply defined,

and a reading edge shall be parallel to the graduations

on the weighbeam.

(a) Gross Capacify. An indicating or recording
element shall not display nor record any values

when the total platform load (not counting the

initial dead load that has been canceled by an initial
zero-setting mechanism) is in excess of 105 percent

of scale capacþ.

(b) Capacity [ndication. Electronic computing scales

(excluding postøl scales ønd weight classifiers)
shall neither dßplay nor record a gross or net

weight in excess of scale capacity plus 9d.

The total value of weight ranges and of unit weights in
effect or in place at any time shall automatically be

accounted for on the reading face and on any recorded

representation.

This requirement does not apply to: (1) single-revolution
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2.20. Scales

dial scales, (2) multi-revolution dial scales not equipped
with unit weights, (3) scales equipped with two or more
weighbeams, nor (4) devices that indicate
mathematically derived totalized values.

fNonretroactive as of January I, 1993.J
(Amended 1990,1992, and 1995)

S.1.8. Computing Scales.

S.1.8.1.M. Money-Value Graduations, Metric Unit
Prices. - The value of the graduated intervals
representing money values on a computing scale with
analog indications shall not exceed:

(a) I cent at all unit prices of 55 cents per kilogram
and less;

(b) 2 cents at unit prices of 56 cents per kilogram
through $2.75 per kilogram (special graduations
defining S-cent intervals may be employed but
not in the spaces between regular graduations);

(c) 5 cents at unit prices of $2.76 per kilogram
through $7.50 per kilogram; or

(d) 10 cents at unit prices above $7,50 per kilogram.

Value figures and graduations shall not be duplicated
in any column or row on the graduated chart. (See

also S.1.8.2.)

S.1.8.1. Money-Value Graduations, Inch-Pound
Unit Prices. - The value of the graduated intervals
representing money values on a computing scale with

(a) I cent at all unit prices of 25 cents per pound
and less;

(b) 2 cents at unit prices of 26 cents per pound
through $1.25 per pound (special graduations

defining S-cent intervals may be employed but
not in the spaces between regular graduations);

(c) 5 cents atunitprices of$1.26 perpound through
$3.40 per pound; or

(d) 10 cents at unit prices above $3.40 per pound.

Value figures and graduations shall not be duplicated
in any column or rorü on the graduated chart. (See

also S.1.8.2.)

S.1.8.2. Money-Value Computation. - A computing
scale with analog quantity indications used in retail
trade may compute and present digital money values
to the nearest quantity graduation when the value of
the minimum graduated interval is 0.005 kg (0.01 lb)
or less. (Also see Sec. 1.10; G-S.5.5.)

S.1.8.3. Customer's Indications. - Weight
indications shall be shown on the customer's side of
computing scales when these are used for direct sales

to retail customers. Computing scales equipped on the

operator's side with digital indications, such as the net
weight, unit price, or total price, shall be similarly
equipped on the customer's side. Unit price displays
visible to the customer shall be in terms of single
whole units of weight and not in common or decimal
fractions of the unit. Scales indicating in metric units
may indicate price per 100 grams.
(Amended 1985 and 1995)

S.1.8.4. Recorded Representations, Point-of-Sale
Systems. - The sales information recorded by cash

registers when interfaced with a weighing element
shall contain the following information for items
weighed at the checkout stand:

(a) the net weight,r
(b) the unit price,r
(c) the total price, and
(d) the product class or, in a system equipped with

price look-up capability, the product name or
code number.

S.1.9. Prepackaging Scales.
anarog rnorcauons snall not exceed:

5.1.9.1. Value of the Scale Division. - On a
prepackaging scale, the value of the intervals
representing weight values shall be uniform
throughout the entire lsading face. The recorded
weight values shall be identical with those on the

indicator.

S.1.9.2. Label Printer. - A prepackaging scale or a
device that produces a printed ticket to be used as the

' Weight values shall be identified by kilogram, kg,
grams, g, ounces, oz, pound, lb, or the sign "#." For
devices interfaced with scales indicating in metric units,
the unit price may be expressed in price per 100 grams.
(Amended 1995)
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label for a package shall print all values digitally and of
such size, style of type, and color as to be clear and

conspicuous on the label.

5.1.10. Adjustable Components. - An adjustable
component such as a pendulum, spring, or potentiometer
shall be held securely in adjustment and, except for a

zero-load balance mechanism, shall be located within the
housing of the element.
(Added 1986)

S. 1. I I. Provisíon for Seøling.

(a) Except on Class I scqles, provision shall be made

for applying a security seal in a manner that
requires the security seal to be broken before an
adjustment can be made to any component affecting
the performance of an electronic devtce.

fNonretroactive as of January I, 1979.J

(b) Except on Class I scales, a device shall be designed
with provísion(s) for applying a security seal that
must be broken, orfor using other approved means

of providing security (e.g., data change audit trail
' available at the time of inspection), before any

chønge that detrimentally affects the metrological
integrity of the device can be møde to any
electronic mechanism.

[Nonretroactive as ofJanuary I, 1990.J

@ Except on Class I scales, audit trails shall use

the format set forth in Table S. I . I I .

[Nonretroactive and enforceable as ofJanuary 1,

r e9s.l

2.20. Scales

which the manual weight entries appear and the
definition of the symbol is automatically printed by the
recording element as part of the document.

[Nonretroactive as of January I, 1993.]
(Added 1992)

S.1.13. Vehicle On-Board \ileighing Systems: Vehicle
in Motion. - When the vehicle is in motion, a vehicle on-
board weighing system shall either:

(a) be accurate; or

(b) inhibit the weighing operation.
(Added 1993)

S.2. Design of Balance, Tare, Level, Damping, and
Arresting Mechanisms.

5.2.1. Zero-Load Adj ustment.

5.2.1.1. General. - A scale shall be equipped with
means by which tle zero-load balance may be
adjusted. Any loose material used for this purpose
shall be enclosed so that it carmot shift in position and
alter the balance condition ofthe scale.

5.2.1.2. Scales used in Direct Sales. - A manual
zero-setting mechanism (except on a digital scale with
an analog zero-adjustnent mechanism with a range of
not greater than one scale division) shall be operable
or accessible only by a tool outside of and entirely
separate from this mechanism, or it shall be enclosed
in a cabinet. Except on Class I or II scales, a balance

A device may be fitted with an automatic or a semi-
automatic calibration mechanism. This mechanism shall
be incorporated inside the device. After sealing, neither
the mechanism nor the calibration process shall facilitate
fraud.
(Amended 1989, 1991, 1993)

S.l.l2. Mønual Gross Weight Entries. - A device shall
accept an entry of a manual gross weight value only
when the scale is at gross load zero and the scale
indication is at zero in the gross weight displøy mode.

Recorded manual weight entries, except those on labels
generated for packages of standard weights, shall
identify theweightvalue as a manual weight entry by one
of thefollowing terms: "Manual lileight," "Manual Wt,"
or "MAN WT." The use of a symbol to identify multiple
manual weight entries on a single document is permitted,
provided that the symbol is defined on the same page on

ball shall either meet this requirement or not itself be
rotatable.

A semiautomatic zero-setting mechanism shall be

operable or accessible only by a tool outside of and

separate from this mechanism or it shall be enclosed
in a cabinet, or it shall be operable only when the

indication is stable within:

(a) plus or minus 3 scale divisions for scales of
more than 2000 kg (5000 lb) capacity in service
prior to January l, 1981, and for all axle load,
railway track, and vehicle scales; or

(b) plus or minus 1 scale division for all other
scales.

5.2.1.3. Scøles Equipped with an Automatic Zero-
Setting Mechønism. - Under normal operating
conditions the møximum load that can be "rezeroed,"
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2.20. Scales

Table 5.1.11. Cøtegories of Devìce and Methods of Seøling

Cøtegories of Device Method of Seøling

Categoty I: No remote configuration
capability.

Seat by physical seal or two event counters: onefor cqlibration
parameters and one for confi guration p ar ameters.

Category 2: Retnote configuration cøpability,

but access is controlled by physical hardware.

Device shall clearly indicate that it is in the

remote configuration mode and record such

messaTe if capable of printing in this mode.

The hardware enabling access for remote communication must

be at the device and sealed using a physical seal or two event

coutxters: onefor calibration parameters and onefor
c o nfi gur atio n p ar am e t er s.

Category 3: Remote configuration capability
access may be unlimited or controlled through a

software switch (e.g., password).

An event logger is required in the device; it must include an event

counter (000 to 999), the parameter ID, the date and time of the

change, and the new value ofthe parameter. A printed copy of
the information must be available through the device or through

another on-site device. The event logger shall have a capacity to

retain records equal to ten times the number of sealable

parameters in the device, but not more than 1000 records are

required. (Note: Does not require 1000 changes to be storedfor
each parameter.)

[Nonretroactive and enforceable as ofJanuary ], 1995.J

(Table added 1993)

when either placed on or removed from the platform
all at once, shall be:

(a) for bench, counter, and lívestock scales: 0.6

scale divisiott,'

(b) for vehicle, axle-Ioad, and railway track scales:

3.0 scale divisions; and

(") for all other scales: 1.0 scale division.

fNonretroactive and enforceable as of
January I, I98l.J

5.2.1.4. Monorail Scales. - On a monorail scale

equipped with digital indications, means shall be

provided for setting the zero-load balance to within
0.02 percent of scale capacity. On an in-motion
system, means shall be provided to automatically

maintain these conditions.

S.2.1.5. Initial Zero-Setting Mechanism. -

(a) Scales of accuracy classes I, II, and III may be

equipped with an initial zero-setting device.

An initial zero-setting mechanism shall not zero

a load in excess of 20 percent of the maximum
capacity of the scale unless tests show that the

scale meets all applicable tolerances for any

amount of initial load compensated by this

device wittrin the specifred iange.

(b)

(Added 1990)

S.2.1.6. Combined Zero-Tare ('0/T") Key.
Scales not intended to be used in direct sales

applications may be equipped with a combined zero

and tare function key, provided that the device is
clearly marked as to how the key functions. The

device must also be clearly marked on or adjacent to

the weight display with the statement "Not for Direct
Sales. "

(Added 1998)

5.2,2. Balance Indicator. - On a balance indicator

consisting of two indicating edges, lines, or points, the

ends of the indicators shall be sharply defrned. When the

scale is in balance, the ends shall be separated by not

more than 1.0 mm (0.04 in).
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5.2.2.1. Dairy-Product Test, Grain-Test,
Prescription, and Class I and II Scales. - Except on
digital indicating devices, a dairy-product-test, grain-

test, prescription, or Class I or II scale shall be

equþed with a balance indicator. If an indicator and
a graduated scale are not in the same plane, the

clearance between the indicator and the graduations

shall be not more than 1.0 mm (0.04 in).

5.2.2.2. Equøl-Arm Scale. - An equal-arm scale shall
be equipped with a balance indicator. If the indicator
and balance graduation are not in the same plane, the

clearance bet'vveen the indicator and the balance
graduation shall be not more than 1.0 mm (0.04 in).

[Nonretroactive as of January l, 1989.]
(Added 1988)

S.2.3. Tare. - On any scale (except u monorail scale
equipped wíth digital indications), the value of the tare
division shall be equal to the value of the scale divßion.*
The tare mechanism shall operate only in a backward
direction (that is, in a di¡ection of underregishation) with
respect to the zero-load balance condition ofthe scale. I
device designed to qutomatically clear any tare value
shallalso be designed to prevent the automatic clearing
of tare until a complete transaction has been índicated.*
(Amended 1985)

[Note: On a computing scale, this requires the input of
a unit price, the dßplay of the unit price, and a computed
positive totøl price at a readable equilibrium. Other
devices require ø complete weighing operation,
including tare, net, and gross weight determination.l*

[.* N sttetr otçJty e, qs_ pf J uyqry l, _] 2 I J. l

5.2.3.1. Monorail Scales Equipped with Digital
Indications. - On a monorail scale equipped with
digital indications, means shall be provided for setting
arLy tarc value of less than 5 percent of the scale

capacify to within 0.02 percent of scale capacity. On
an in-motion system, means shall be provided to
automatically maintain this condition.

S.2.4. Level-Indicating Means. - Except for portable
wheel-load weighers and portable axle-load scales, a

portable scale shall be equipped with level-indicating
means if its weighing performance is changed by an

amount greater than the appropriate acceptance tolerance

when it is moved from a level position and rebalanced in
a position that is out of level in any upright direction by
5 percent (approximately 3 degrees). The level-indicating
means shall be readable without removing any scale parts

requiring a tool.

2.20. Scales

[This requirement is nonretroactive and enforceable as

of January I, 1986, for prescription, iewelers', and
døiry-product-test scales and scales marked I and II.l

fNote: Portable wheel-load weighers and portable axle-

load scales shall be accurate when placed out oflevel up

to and including 5 percent (approximately 3 degrees).1

(Amended 1991)

5.2.4.1. Vehicle On-Board Weighing Systems. - A
vehicle on-board weighing system shall operate within
tolerance when the weighing system is out of level up

to 3 degrees or 5 percent. If the accuracy of the

system is affected by out-of-level conditions normal to

the use of the device, the system shall be equipped

with an out-of-level sensor that inhibits the weighing
operation when the system is out oflevel to the extent

that the accuracy limits are exceeded.

(Added 1992)

S.2.5. Damping Means. - An automatic-indicating scale

and a balance indicator shall be equipped with effective
means to damp oscillations and to bring the indicating
elements quickly to rest.

5.2.5.1. DigÍtal Indicating Elements. - Digital
indicating elements equipped with recording elements

shall be equipped with effective means to permit the

recording of weight values only when the indication is
stable within:

(a) plus or rrúnus 3 scale divisions for scales of
more than 2000 kg (5000 lb) capacity in service

_p¡oLtq ler.ruqry L Lg!!__hspper (e!þgf lbep
grain hopper) scales with a capacity exceeding

22 000 kg (50 000 lb), and for all vehicle, axle

load, livestock, and railway toack scales;

(b) plus or minus 1 scale division for all other
scales.

The values recorded shall be within applicable
tolerances.
(Amended 1995)

5.2.5.2. Jewelers', Prescription, and Class I and
Class II Scales. - A jewelers', prescription, Class I, or
Class II scale shall be equipped with appropriate

means for arresting the oscillation of the mechanism.
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2.20. Scales

S.3. Design of Load-Receiving Elements.

S.3.1. Travel of Pans of Equal-Arm Scale. - The travel
between limiting stops of the pans of a nonautomatic-
indicating equal-arm scale not equipped with a balance
indicator shall be not less than the minimum fravel shown
in Table 2MandZ.

S.3.2. Drainage. - A load-receiving element intended to
receive wet commodities shall be so constructed as to
drain effectively.

S.3.3. Scoop Counterbalance. - A scoop on a scale used

for direct sales to retail customers shall not be

counterbalanced by a removable weight. A permanently
attached scoop-counterbalance shall indicate clearly on
both the operator's and customer's sides of the scale

whether it is positioned for the scoop to be on or off the
scale.

S.4. Design of Weighing Elements.

S.4.1. Antifriction Means. - Frictional effects shall be

reduced to a minimum by suitable antifriction elements.

Opposing surfaces and points shall be properly shaped,

finished, and hardened. A platform scale having a frame

around the platform shall be equipped with means to
prevent interference between platform and frame.

5.4.2, Adjustable Components. - An adjustable

component such as a nose-iron or potentiometer shall be

held securely in adjustrnent. The position ofa nose-iron
on a scale of more than 1000-kg (2000-lb) capacity, as

determined by the factory adjustrnent, shall be

accurately, clearly, and permanently def,rned.

(Amended 1986)

S.4.3. Multiple Load-Receiving Elements. - Except for
mechanical bench and counter scales, a scale with a

single indicating or recording element, or a combination
indicating-recording element, that is coupled to two or
more load-receiving elements with independent weighing
systems, shall be provided with means to prohibit the

activation of any load-receiving element (or elements)
not in use, and shall be provided with automatic means to

indicate clearly and definitely which load-receiving
element (or elements) is in use.

5.5. Design of \Teighing Devices, Accurøcy Class.

^S.5./. Desígnøtion of Accuracy Cløss. - lïleighing
devices are divided into accuracy classes and shqll be

designated as I, II, il[, III L, or IIIL
[Nonretroactive as of Jaryary ]t !986 J

5.5.2. Parameters for Accuracy Class. - The accuracy
class ofaweighing device is designated by the manufac-

turer and shall comply with parameters shown in
Table 3.

[Nonretroactive as of January I, 1986.]

S.5.3. Multi-Interval and Multi-Range Scales,

Division Value. - On a multi-interval scale and multiple
range scale, the value of"e" shall be equal to the value of
ild,il2

(Added 1986) (Amended 1995)

2 See Footnote 1 to Table 3 Parameters for Accuracv
Classes

Table 2M.
Minimum Travel of Pans of

Nonautomatic Indicating Equal-Arm Scale
Without Balance Indicator

Nominal capacity

(kilograms)

Minimum
travel ofpans
(millimeters)

2 or less

2+ to 5 inclusive

5+ to 12, inclusive

Over l2

9

l3

t9

25

Table 2.

Minimum Travel of Pans of
Nonautomatic Indicating Equal-Arm Scale

V/ithout Balance Indicator

4 or less

4+ to 12, inclusive

12+ to26, inclusive

Over 26

0.35

0.5

0.75

1.0
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5.5.4. Relationship of Loød Cell VeriJicøtion Interval
VøIue to the Scale Division. - The relationship of the

value þr the load cell verification scale interval, v.ì,u to

the scale division, d, þr a specific scale instøllation shall
be:

d(a) v,n¡n = --- where N is the number of load cells in

lN
the scalefor scales without lever systems; and

(b) v,n;, Í for scales with lever
rfN x (scale multiple)

systems.

[Nonretroactive as of January l, 1994.J

[Note: Ilhen the value of the scale division, d, is dffirent than
the veriJication scale division, e, for the scale, the value ofe
must be used in theformulae above.l

This requirement does not apply to complete scales and
weighing elemenÍs which satisfy the following criteria:

(I) The device has been evaluated for compliance with
T.N.8.1. Temperature under the National Type

Evaluation Pro gram (NTE P) ;

..,(2) The device has received an NTEP Certificate of
Conformnnce; and

(3) The clevice must be equipped with an automatic zero-
setting mechanism which cannot be made inoperative in
the normal weighing mode. (A test mode which permits
the disabling of the automatic zero-setting mechanism is

permissible, provided the scale cannotfunction normally
while in thß mode.)

(Added 1993) (Amended 1996)

2.20. Scales

of the weighing/load-receiving element visible after
installation, may have the marking information required
in G-S.I. of the General Code and 5.6. of the Scales

Code located in an area that is accessible only through
the use of a tool; provided that the information is easily
accessible (e.g., the information may appear on the
junction box under an access plate). The identification
information for these scales shall be located on the

weighbridge (load-receiving element) near the point
where the signal leaves the weighing element or beneath

the nearest access cover.
(Added 1989)

S.6.3. Scales, Main Elements, and Components of
Scales or Weighing Systems. - Scales, main elements of
scales when not contained in a single enclosure for the

entire scale, load cells for which Certificates of
Conformance (CC) have been issued under the National
Type Evaluation Program, and other equipment
necessary to a weighing system, but having no

metrological effect on the weighing system, shall be

marked as specified in Table S.6.3.a. and explained in
the accompanying notes (Table 5.6.3.b.)
(Added 1990)

5.6.4. Railway Track Scales. - A railway back scale

shall be marked with the maximum capacify of each

section of the load-receiving element of the scale. Such

marking shall be accurately and conspicuously presented

on, or adjacent to, the identification or nomenclature
plate that is attached to the indicating element of the

scale.

(Amended 1988)

5.6. Marking Requirements. [See also G-S.1., G-S.4.,
G-S.6., G-S.7., G-UR.2.1.1., and UR.3.4.1.1

5.6.1. Nominøl Cøpacity; Velticle, Axle-Loød, ønd
Livestock Scsles. - For all vehicle, qxleJoad, and
livestock scales, the marked nominal capacity shull not
exceed the concentrated load capacity (CLC) times the
quantity of the number of sections in the scale mtnus 0.5.

As aformula, this is stated øs:

nominal capacity < CLC x (N - 0.5)

where N : the number of sections in the scale.
(See N.1.3.4. and 7.N.3.1.)

[Nonretroactive as of January l, 1989.]
(Added 1988)

5.6.2. Location Of Marking Information. - Scalcs that
are not permanently attached to an indicating element,

and for which the load-receiving element is the only part

N. Notes

N.l. Test Procedures.

N.1.1. Increasing-Load Test. - The increasing-load test

shall be conducted on all scales with the test loads

approximately centered on the load-receiving element of
the scale, except on a scale having a nominal capacity
greater than the total available known test load. When
the total test load is less than the nominal capacity, the

test load is used to greatest advantage by concentrating it,
within prescribed load limits, over the main load
supports ofthe scale.
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N.1.2. Decreasing-Load Test (Automatic Indicating
Scales). - The decreasing-load test shall be conducted

with the test load approximately centered on the load-
receiving element of the scale.

N.l.2.1. Scales Marked I,II, rTT, or IIII. - Except for
portable wheel load weighers, decreasing-load tests

shall be conducted on scales marked I, II, III or IIII
and with n equal to or greater than 1000 with test loads

equal to the maximum test load at each tolerance
value. For example, on a Class III scale, at test loads
equal to 4000d, 2000d, and 500d; for scales with n less

than 1000, the test load shall be equal to one-halfof
the maximum load applied in the increasing-load test.

(See Table 6)
(Amended 1998)

N.1.2.2. All Other Scales. - On all other scales,

except for podable wheel load weighers, the decreas-

ingJoad test shall be conducted with a test load equal

to one-half of the maximum load applied in the
increasing-load test.

(Amended 1998)

N.l.3. Shift Test.

N.1.3.1. Bench or Counter Scales. - A shift test shall

be conducted with a half-capacity test load centered

successively at four points equidistant between the

center and the front, left, back, and right edges ofthe
load-receiving element.

N.l.3.2. Dairy-Product-Test Scales. - A shift test

sh¿-ll_b,ç esn-drrsted with a tçst lpad of 18 grarns

successively positioned at all points on which a weight
might reasonably be placed in the course of normal use

of the scale.

N.1.3.3. Equal-Arm Scales. - A shift test shall be

conducted with a half-capacity test load positioned on

each pan as prescribed in N. 1.3. 1. An equal test load
shall be centered on the other pan.

N.1.3.4. Vehicle Scales, Axle-Load Scales, and
Livestock Scales With More Than Two Sections. -
A shift test shall be conducted with at least two
different test loads and may be performed anywhere

on the load-receiving element using the prescribed test

patterns and maximum test loads specified below.
(Two-section livestock scales shall be tested consistent

with N.1.3.8.)
(Amended 1991)

Prescribed Test Pattern. The normal
prescribed test pattern shall be an area of 1.2 m
(4 ft) in length and as wide as the scale platform.

Multiple test pattems may be utilized when
loaded in accordance with Paragraph (b).

(Part (a) Amended 1997)

Maximum Loading. When loading the scale

for testing, one side of the test pattern shall be

loaded to no more than half of the concentrated

load capacity or test load before loading the

other side. The area covered by the test load
may be less than 1.2 m (4 ft) x the width of the

scale; for test patterns less than 1.2 m (a ft) in
length the maximum loading shall meet the

formula: f(wheel base of test cart or length of
test load divided by a8 in) x 0.9 x CLCI. The

maximum test load applied to each test pattem

shall not exceed the concentrated load capacity

of the scale. When the test pattern exceeds 1.2

m (4 ft), the maximum test load applied shall not
exceed the concentrated load capacity times the

largest "r" factor in Table UR.3.2.1. for the

length of the area covered by the test load. For
weighing elements installed prior to January 1,

1989, the rated section capacity may be

substituted for concentrated load capacity to
determine maximum loading. An example of a

possible test pattern is shown below:
4', 4', 4', 4'

$

(a)

(b)

4',

Section
I

Midway
between
sections
I ahd2

Midway
between
sections
2 and3

Section
J

Section
2

(Part (b) Amended 1997)

(c) Multiple Pattern Loading. To test to the nominal
capacity, multiple patterns may be simultaneously
loaded in a manner consistent with the method of
use.

(d) Other Designs. Special design scales and those

that are wider than 3.7 m(12 ft) shall be tested in a
manner consistent with the method of use but
following the principles described above.
(Amended 1988)

N.1.3.5. Railway Track Scales Weighing
Individual Cars in Single Drafts. - A shift test shall

be conducted with at least two different test loads, if
available, distributed over, to the right and left of,

2-12



2.20. Scales

Table 3
Poroottt,ìrt lo, Acr*oE C

Class

Value of the verification
scale division (d or et)

Number of scaleo

divisions (n)
I

Minimum I Maximum

SI Units

NF

mL3

TII

I
II

equal to or greater than I mg

I to 50 mg, inclusive

equal to or greater than 100 mg

0.1 to 2 g, inclusive

equal to or greater than 5 g

equal to or greater than 2 kg

equal to or greater than lg

50 000

100

5 000

r00

500

2 000

t00

t00 000

100 000

l0 000

r0 000

I0 000

I 200

INCH-POUND Units

mL3

ilII

Iil 0.0002 lb to 0.005 lb, inclusive

0.005 oz to 0.125 oz, inclusive

equal to or greater than 0'01 lb

equal to or greater than 0.25 oz

equal to or greater than 5 lb

greater than 0.01 lb

greater than 0.25 oz

100

r00

500

s00

2 000

100

100

10 000

r0 000

I0 000

10 000

r0 000

I 200

I 200

,i;-cl;;; lrrdllãüi*í"-q"tpp"¿ iltnàr*ilià.ry iliaii.g *"o"t (i.e., a rider, a vernier, or a least signif i.cant de.cimat 
I

differentiatedbysize,shapeor"àtor¡,thevalueoftheverificationscaledivision'þ"isthevalueofthescal.ldivision" . - |

immediately pr-eceding tie auxiliary nteans. For Class III and IIil devices, the value of 'Þ" is speciJied by the manulacturer 
I

as narked on the device; "e"must be less than or equal to "d'" 
I

2Ascalemarked'Forprescriptionweighingonly"mayhaveascaledivisionnotlessthan0.0lg. (Addedl986)

r The value ofa scale divisionfor crane and hopper (other than grain hopper) scales shall be not ?ess than 0-2 kg (0 5 lb)'

The minimum number ofscale divisíons shall be not less than I 000'

aon a multiple range or multi-interval scale the number of divisions for each range independently shall not exceed the

mnximum specifiedfor the accuracy class. The number of scale divisions, n, for each weighing range is determined by

dividing thà scale iapaciry forcori, ,org, by the uerification scale division, e, for each range' On a scale system with

mubiple bad receiving elements an¿ miu¡p,te indicaiions each element considered shall not independently exceed the

maximum specified foi the accuracy class. If tlrc system has a summing indicator, the n,,no for the summed element shall

not exceed the nnxinum sPectrte

tN"*.rr"..ti"" rr 
"f 

Junuury 1, 1986.1 (Amended 1986, 1987, and 1998)
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Table S.6.3.a.

Marking Requirements

For applicable notes, see Table S.6.3.b.

Weighing
Equipment

To Be
Marked With

Weighing, load-
receiving, and

indicating
element in same

housing

lndicating
element not
permanently
attached to

weighing and
load-receiving

element

Vr'eighing and

load-receiving
element not
permanently
attached to
indicating
element

Load cell
with CC

(1 1)

Other
equlpment
or device

(10)

Manufacturer's ID (1) X X X x x

Model Designation (l) X x X X x

Serial Number and Prefix (2) X x X x x fi6)

Accuracy Class (17) x x (8) x(19) X

Nominal Capacity (3X18) x x X

Value of Scale Division, "d"(3) X x

Value of "e" (4) X x

Temperature Limits (5) X x

Concentrated Load Capacity
(cLC) (12)

x x (e)

Special Application (13) x x x

Maximum Number of Scale
Divisions (n-*) (6)

x (8) x(19) X

Minimum Verification Scale

Division (e.,")
x(19)

K
ÍsÍ or ilMrr (7)

Direction of Loading (15) x

Minimum Dead Load x

Maximum Capacity x

Safe Load Limit x

Load Cell Verification
lnterval (v.,")

x

Section Capacity (14) X X

(Added 1990) (Amended 1992)
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Table 5.6.3.b.

2.

3.

6.

Notes For Table 5.6.3.a.

This value may be stated on load cells in
units of 1000; e.9., n: I0 ß I0 000 divisíons.

which the device complies with the

applicable requirements for each accuracy
class. [Nonretroactive as ofJanuary I,
t 988.J

For vehicle, axle-load, and livestock scales

only. The CLC shall be added to the load-
receiving element ofany such scale not
previously mørked at the time of
modiJìcation. [Nonretroactive as of
January I, 1989.1

Necessary to the weighing system but
having no metrological effect, e.g.,

auxiliary remote display, keyboard, etc.

The markings may be either on the load
cell or in an accompanying document;

except that, if an accompanying document
is provided, the serial number shall oppear
both on the load cell and ín the document.

[Nonretroactive as ofJanuary l, 1988]

The manufacturer's name or trademark,

the model designation, and identifuing
symbol for the serial number shøll also be

marked both on the load cell and in any
accomp anying document. [Nonretroactive
as ofJanuary l, I99ll

[Ng_ryygtyogcliuga¡ of !ry1yary ], !9!81 12. Required on the indicating element and the

lò aà-:l èc eälng elemén{ or vèfücle, axlð

Manufacturer's identification and model
designation. (See G-S.1.)

Serial number [Nonretroactive as of
January I, /9681 and prefix

[Nonretroactive as ofJanuary I, 1986].
(See G-S.1.)

The nominal capacity and value of the scale

division shall be shown together (e.g.,

50 000 x 5 kg, 100 000 x I0 lb, I5 x 0.005

kg , or 30 x 0.01 lb) adjacent to the weight
displøy when the nominal capacity and
value of the scale division are not
immediately apparent. Each scale division
value or weight unit shall be marked on

multiple range or multi-intert'al scales.

[Nonretroactive as ofJanuary I, 1983]

Requíred only if differentfrom "d."

[Nonretroactive as ofJanuary l, 1986J

Required only on Class III, III L, and IIII
scales ifthe range is other than -10 "C to

40 "C (14 "F to 104 "F). [Nonretroactive
as ofJanuary I, 1986J

Denotes compliance for single or multiple
load cell applications. [Nonretroactive as

ofJanuary I, 19881

An indicating element not pennanently
attached to a weighing element shall be

clearly and permanenþ marked with the

accuracy Class of I, II, III, III L, or IIII, as

appropriate, and the maximum number of
scale divisions, n,*, for which the indicator
complies with the applicable requirement.

Indicating elements that qualifu for use in
both Class III and III L applications may be

marked III/III L and shall be marked witlt
the maximum number of scale divisions for

load, and livestock scales. Suchmarking
shall be identified as "concentrctted load
capacity" or by the abbreviation UCLC'.*

[*Nonretroactive as ofJanuary ], 1989J

13. A scale designedfor a special application
rather than general use shall be

conspicuously marked wirh suitable words
visible to the operator and customer

restricting its use to that application, e.9.,

postal scale, prepack scale, weight
classifier, etc.* When a scale is installed
with an operøtional countingfeature, the

scale shall be marked on botlt the operator
and customer side with the statement "The

countingfeature is not legalfor trøde."

[*Nonretroactive as ofJanuary ], 19861

9.

10.

n.

4.

5.

7.

8.
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Table S.6.3.b.

Notes For Table 5.6.3.a. (Continued)

14. Required on the indicating element of
railway frack scales only. When marked on
vehicle, axle-load, and livestock scales

manufactured before January I , 1989, it
may be used as the CLC.

Required if the direction of loading the load
cell is not obvious. [Nonretroactive as of
January I, 19881

Serial number [Nonretroactive as of
January I, 1 968J and prefix
[Nonretroactive as ofJanuary I, 1986J.
(See G-S.1.) Modules without
"intelligence" on a modular system (e.g.,
printer, keyboard module, cash drawer, and
secondary display in a point-of-sale system)
are not required to have serial numbers.

The accuracy Class ofa device shall be
marked on the device with the appropriate
designation as I, II, III, III L, or IIII.
[Nonretroactive as of January I, 1986.J

18. The nominal capacþ shall be
conspicuously marked as follows:
(a) on any scale equipped with unit
weights or weight tanges;
(b) on any scale with which counterpoise
or equal-arm weights are intended to be

used;
(c) on any automatic-índicating or
recording scale so constucted that the

capacity of the indicating or recording
element, or elements, is not immediately
apparent;
(d) on any scale with a nominal capacity
less than the sum of the reading elements;
and
(e) on the load-receiving element (weigh-
bridge) ofvehicle, axleJoqd, and livestock
scales.x

[*Nonretroactive as ofJanuary ], 19891

19. Nonretroactive as ofJanuøry I, 1988.
(Amended 1992)

15.

r6.

t7.
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each pair of main levers or other weighing elements

supporting each section ofthe scale.

N.1.3.6. Monorail Scales, Static Test. - A shift test

shall be conducted with a test load equal to the largest

load that can be anticipated to be weighed in a given

installation, but never less than one-half scale

capacity. The load shall be placed successively on the

right end, the left end, and the center of the live rail.
(Added 1985)

N.l3.6.1. In-Motion Monorail Scales.- Dynamic Tests

with Livestock Carcasses: The dynamic test should be

conducted to duplicate actual use conditions' No less

than 20 carcasses of the type normally weighed should be

used in the dynamic test; two additional c¿Ircasses may be

included in the test run for use in the event that one or

two carcasses are rendered unusable during the dynamic

test. Prior to starting the dynamic test, the test carcasses

must be positioned far enough ahead of the scale so that

their swaying motion settles to duplicate the normal sway

of a continuously running plant chain. If the plant

conveyor chain does not space or prevent tÏe carcasses

from touching one another, dynamic tests should not be

: conducted until this condition has been corrected.

All carcasses shall be individually weighed statically

(after an accurate static test with test weights) on either

the same scale being tested dynamically or another

monorail scale with the same or smaller divisions and in
close proximity. If multþle dynamic tests are conducted

using the same carcasses, static weights should be

obtained before and after the multiple dynamic tests. If
a carcass changes weight between static tests, the amount

---õf theweightehã-iltsí-sholrldttetakenintoa-ccountorthe'
carcass should be disregarded for tolerance purposes. It
is preferable to use the gross weight of the carcass and

tolley for the dynamic test.

(Added 1996)

N.f.3.7. Vehicle On-Board Weighing Systems. -

The shift test for a vehicle on-board weighing system

shall be conducted in a manner consistent with its
normal use. For systems that weigh as part of the

lifting cycle, the center of gravity of the load may be

shifted in the vertical direction as well as from side to

side. In other cases, the center of gravity may be

moved to the extremes of the load-receiving element

using loads of a magnihrde that reflect normal use (i'e',

the load for the shift test may exceed one-half scale

capacity), and may, in some cases, be equal to the

capacity of the scale. The shift test may be conducted

2.20. Scales

when the weighing system is out of level tö the éXtent

that the weighing system remains operational.
(Added 1992)

N.1.3.8. All Other Scales Except Crane Scales,

Hanging Scales, Hopper Scales, lVheel-Load
Weighers, and Portable Axle-Load Weighers. - A
shift test shall be conducted with a half-capacþ test

load centered, as nearly as possible, successively at

the center of each quarter of the load-receiving

element, or with a quarter-capacity test load centered,

as nearly as possible, successively over each main

load support.
(Amended 1987)

N.1.4. Sensitivity Test. - A sensitivity test shall be

conducted on nonautomatic-indicating (weighbeam)

scales only, with the weighing device in equilibrium at

zero-load and at maximum test load. The test shall be

conducted by increasing or decreasing the test load in an

amount equal to the applicable value specified in T.2. or

T.N.6.

N.1.5. Discrimination Test - A discrimination test shall
be conducted on all automøtic indicating scales with the

weighing device in equilibrium at zet'o load and at
maximum test load, ønd under con*olled conditions in

which environmental factors are reduced to the extent

that they will not affect the results obtained.

[Nonretroactive as of January l, 1986.J

(Added 1985)

N.l.5.1. Digital Device. - On a digital device, this test

is conducted from just below the lower edge of the
.zone-of-uncertainty for increasing loaútests; or from --
just above the upper edge ofthe zone ofuncertainty
for decreasing-load tests.

N.l.6. RFI Susceptibility Tests, Field Evaluation- -
An RFI test shall be conducted at a given installation

when the presence of RFI has been verif,red and charac-

teñzedifthose conditions are considered "usual and cus-

tomary."
(Added 1986)

N.1.7. Ratio Test. - A ratio test shall be conducted on

all scales employing counterpoise weights and on

nonautomatic-indicating equal-arm scales.

N.1.8. Material Tests. - A material test shall be

conducted on all customer-operated bulk weighing

systems for recycled materials using bulk material for
which the device is used. Insert into the device, in a
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Table 4.

Minimum Test Weights and Test Loadsr

Device capacity

minimums
(in terms of device capacity) (where practicable)

Test weiehts (sreater ofl Test loads*

0 to 150 kg
(0 to 300Ib)

to0%

151 to I 500kg
(301 to 3 000 lb)

25Yo or 150 kg
(300 lb)

75% Test weights to dial face capacity,

1 000d, or test load to used capacity, if
greater than minimums specified

During initial verification, a scale

should be tested to capacity.

I 501 to 20 000 kg
(3 001 to 40 000Ib)

12.5% or 500 kg
(1 000Ib)

50%

20 001 kg+
(40 001 1b+)

12.5%o or 5 000 kg
(10 000 lb)

25o/o2

' If the amount of test weight in Table 4 combined with the load on the scale would result in an unsafe condition, then

the appropriate load will be determined by the official with statutory authority.

*The term "test load" means the sum of the combination of field standard test weights and any other applied load used

in the conduct of a test using substitution test methods. Not more than three substitutions shall be used during
substitution testing, after which the tolerances for strain load tests shall be applied to each set of test loads.

2 The scale shall be tested from zero to at least 125%o of scale capacity using known test weights and then to atleast 25%o

of scale capacity using either a substitution or stain load test that utilizes known test weights of at least 12.5o/o of scale

capacity. Whenever practical, a stain load test should be conducted to the used capacity of the scale. When a strain load
test is conducted, the tolerance applies only to the known test load.
(Amended 1988, 1989, 1994)

2.20. Scales

normal manner, several accurately pre-weighed samples*-(Îr-eé-of -foieifjn-räateliâl)-iil-v¿try-if-g-ãiaöunts

approximating average drafts.

N.1.9. Zero-Load. Balance Change. - A zero-load
balance change test shall be conducted on all scales after
the removal of any test load. The zero-load balance

should not change by more than the minimum tolerance

applicable. (Also see G-UR.4.2.) (Renumbered 1988)

N.2. Verification (Testing) Standards. - Field standard

weights used in verifying weighing devices shall comply
with requirements of NIST Handbook 105-l (Class F) or the

tolerances expressed in Fundamental Considerations,
paragraph 3.2. (i.e., one-third of the smallest tolerance

applied). (Amended 1986)

N.3. Minimum Test Weights and Test Loads*. - The

minimum test weights and test loads for in-service tests

(except railway hack scales) are shown in Table 4. [See

Table 4 for x.l

(Adde*d 1984, Amendêd 1988)

N.3.1. Minimum Test-Weight Load and
Recommended Strain-Load Test for Railway Track
Scales.
(Amended 1990)

N.3.1.1. Approval. - The test-weight load shall be

not less than 35 000 kg (80 000 lb). A shain-load test

conducted up to the used capacity of the weighing
system is recommended.
(Added 1990)

N.3.1.2. Interim Approval. - A test-weight load of
not less than 13 500 kg (30 000 lb) and a strain-load
test up to at least 25 percent of scale capacity may be

used to return a scale into service following repairs.
(Added 1990)
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Note: The length of time the scale may be used

following an interim test is at the discretion of the

official with statutory authority.
(Added 1990)

N.3.1.3. Enforcement Action for Inaccuracy. - To

take enforcement action on a scale that is found to be

inaccurate, a minimum test load of 13 500 kg
(30 000 lb) must be used.

(Added 1990)

N.4. Coupled-in-Motion Railroad Weighing Systems3

N.4.1. Weighing Systems Used to Weigh Trains of
Less Than 10 Cars. - These weighing systems shall be

tested using a consecutive-car test train consisting ofthe
nrunber of cars weighed in the normal operation run over

the weighing system a minimum of five times in each

mode of operation following the final calibration.
(Added 1990; Amended 1992)

N.4.2. Weighing Systems Placed in Service Prior to
January 1, 1991, and Used to Weigh Trains of 10 or
More Cars. - The minimum test train shall be a

'ìconsecutive-car test hain of no less than 10 cars run over

the scale a minimum of five times in each mode of
, ìoperation following final calibration.

(Added 1990; Amended 1992)

N.4.3. rileighing Systems Placed in Service on or
After January 1, 1991, and Used to Weigh Trains of
10 or More Cars. -

(a) These weighing systems shall be tested using a
---- '. cÕnsecutive:c¿Ir test.t¿in-ofnoless than l0cars run

over the scale a minimum of five times in each

mode of operation following final calibration; or

(b) if the official with statutory authority determines it
necessary, the As Used Test Procedures outlined in
N.4.3.1. shall be used.

(Added 1990; Amended 1992)

N.4.3.1. As Used Test Procedures - A weighing

system shall be tested in a manner that represents the

normal method of operation and length(s) of hains

normally weighed. The weighing systems may be

tested using either:

(1) a consecutive-car test train of a length typical of
train(s) normally weighed; or
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(2) a distributed-car test hain of a length typical of
hain(s) normally weighed.

However, a consecutive-car test train of a shorter

length may be used provided that initial verification

test results for the shorter consecutive-car test train

agree with the test results for the distributed-car or

full-length consecutive-car test train as specified in
N.4.3.1.1.

The official with statutory authority shall be

responsible for determining the minimum test train

length to be used on subsequent tests.

(Added 1990; Amended 1992)

N.4.3.1.1. Initial Verification. - Initial verification

tests should be performed on any new weighing

system and whenever either the track structure or

the operating procedure changes. Ifa consecutive-

car test train of length shorter than trains normally
weighed is to be used for subsequent verification,

the shorter consecutive-car test tain results shall be

compared either to a distributed-car or to a

consecutive-car test train of length(s) typical of
train(s) normally weighed.

The difference between the total hain weight of the

train(s) representing the normal method of
operation and the weight of the shorter consecutive-

car test train shall not exceed 0.15 percent. Ifthe
difference in test results exceeds 0.15 percent, the

length ofthe shorter consecutive-car test hain shall

be increased until agreement within 0'15 percent is

achieved. Any adjustrnents to the weighing system
^ ' ' based upon the use of a shorter'consecutive-car test'

train shall be offset to correct the bias that was

observed between the full-length tain test and the

shorter consecutive-car test train.
(Added 1990; Amended 1992,1993)

N.4.3.1.2. Subsequent Verification.- The test

train may consist of either a consecutive-car test

train with a length not less than that used in initial
verification, or a distributed-car test train repre-

senting the number of cars used in the normal

operation.
(Added 1990)

3A test weight car that is representative of one of the types of
cars typically weighed on the scale under test may be used

wherever reference weight cars are specified.
(Added 1991)
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N.4.3.1.3. Distributed Car Test Trains. -

(a) The length of the train shall be typical of hains
that are normally weighed.

(b) The reference weight cars shall be split into
three groups, each group consisting of I 0 cars or I 0
percent of the train length, whichever is less.
(Amended 1991)

(c) The test groups shall be placed near the front,
around the middle" and near the end of the train.

(d) Following the final adjustrnent, the dishibuted-
car test hain shall be n¡n over the scale at least three
fimes or shall produce 50 weight values, whichever
is greater.

(e) The weighing system shall be tested in each
mode of operation.
(Added 1990; Amended 1992)

N.4.3.1.4. Consecutive-Car Test Trains. -

(a) A consecutive-car test tain shall consist ofat
least l0 cars.

(b) If the consecutive-car test train consists of
between l0 cars and20 cars, inclusive, it shall
be run over the scale a minimum of five times
in each mode of operation following the frnal
calibration.

(c) If the consecutive-car test hain consists of
more than 20 cars, it shall be run over the

' - -scale-a minimum of three'times in-each mode
of operation.

(Added 1990; Amended 1992)

N.5. Uncoupled-in-Motion Railroad \ileighing System. -
An uncoupled-in-motion scale shall be tested stafically
before being tested in motion by passing railroad reference
weight cars over the scale. When an uncoupled-in-motion
railroad weighing system is tested, the car speed and the
direction of travel shall be the same as when the scale is in
normal use. The minimum in-motion test shall be th¡ee
reference weight cars passed over the scale three times. The
cars shall be selected to cover the range of weights that are
normally weighed on the system and to reflect the types of
cars normally weighed.
(Added 1993)

N.6. Nominal Capacity of Prescription Scales. - The
nominal capacity of a prescription scale shall be assumed to
be ll2 apothecary ounce, unless otherwise marked.

(Applicable only to scales not marked with an accuracy
class.)

T. Tolerances Applicable to Devices
not Marked I,II, ilI, ilI L, or IIII

T.1. Tolerance Values.

T.1.1. General. - The tolerances applicable to devices
not marked with an accuracy class shall have the
tolerances applied as specified in Table T.1.1 .

(Amended 1990)

T.1.2. Postal and Parcel Post Scales. - The tolerances
for postal and parcel post scales are given in Table T. l. l.
and Table 5.
(Amended 1990)

T.2. Sensitivity Requirement (SR)

T.2.1. Application. - The sensitivity requirement (SR)
is applicable to all nonautomatic-indicating scales not
marked I, II, III, III L, or IIII, and is the same whether
acceptance or maintenance tolerances apply.

T,2.2. General. - Except for scales specified in
paragraphs T.2.3. through T.2.8.: 2d,0.2 percent of the
scale capacity, or 40 lb, whichever is least.
T.2.3. Prescription Scales. 6 mg (0.1 grain).

T.2.4. Jewelers' Scales.
T.2.4.1. With One-Half Ounce Capacity or Less. 6
mg (0.1 gain).

T.2.4.2. With More Than One-Half Ounce Capacity.
ld or 0.05 perðent of the iialè ðapaðity, whichever is
less.

T.2.5. Dairy-Product-Test Scales

T.2.5.1. Used in Determining Butterfat Content. 32
mg (0.5 grain).

T.2.5.2. Used in Determining Moisture Content. 19

mg (0.3 grain).

T.2.6. Grain Test Scales. The sensitivity shall be as

stated in T.N.6.
(Amended 1987)

T.2.7. Vehicle, Axle-Load, Livestock, and Animal
Scales.
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T.2.7.2. Not Equipped With Balance Indicators. 2d or

0.2 percent of the scale capacity, whichever is less.

T.2.8. Railway Track Scales. 3d or 100 lb, whichever

is less.

T.3. Sensitivity Requirement, Equilibrium Change

Required.

The minimum change in equilibrium with test loads equal to

the values specified :ui,T.2. shall be as follows:

(a) Scale With a Trig Loop but V/ithout a Balance

Indicator. - The position of rest of the weighbeam
shall change from the center of the trig loop to the top
or bottom, as the case may be.

(b) Scale V/ith a Single Balance Indicator and Having a

Nominal Capacity of Less Than 250 kg (500 lb). - The

position of rest of the indicator shall change 1.0 mm
(0.04 in) or one division on the graduated scale,

whichever is greater.
(c) Scale V/ith a Single Balance Indicator and Having a

Nominal Capacity of 250 kg (500 lb) or Greater. - The
position of rest of the indicator shall change 6.4

the width of the central target area, whichever is

greater. However, the indicator on a batching scale

shall change 3.2 mm (0.125 in) or one division on the

graduated scale, whichever is greater

(d) Scale With Two Opposite-Moving Balance Indica-

tors. - The position of rest of the two indicators

moving in opposite directions shall change 1.0 mm
(0.04 in) with respect to each other.

(e) Scale With Neither a Trig Loop nor a Balance

Indicator. - The position of rest of the weighbeam or
lever system shall change from the horizontal, or
midway between limiting stops, to either limit of
motion.

T.4. Radio Frequency Interference (RFI) and Other
Electromagnetic Interference Susceptibility. - The

difference between the weight indication with the

disturbance and the weight indication without the

disturbance, shall not exceed one scale division (d) or the

equipment shall:

(a) blank the indication, or

(b) provide an error message, or

2.20. Scales

(c) the indicator shall be so completely unstable that it
could not be interpreted, or transmitted into memory

or to a recording element, as a correct measurement

value.
(Added 1986)

7.5. Operating Temperøture. - An indicating or recording

element shall not display or record any usable values until
the operating temperature necessaty þr accurate weighing

and a stable zero-balance condition has been attained.

[Nonretroactive ønd ffictive January I , I 981 .]
(Added 1986)

T.N. Tolerances Applicable to Devices

Marked I,IIT III,III L' & IIIL

T.N.l. Principles.

T.N.1.1. Design. - The tolerance for a weighing device

is a performance requirement independent of the design

principle used.

T.N.1.2. Accuracy Classes. - Weighing devices are

divided into accuracy classes according to the number of
scale divisions (n) and the value of the scale division (d).

T.N.1.3. Scale Division. - The tolerance for a weighing
device is related to the value of the scale division (d) or

the value of the verification scale division (e) and is
generally expressed in terms of d or e.

T.N.2. Tolerance Application.

T.N.2.1. General. - The tolerance values are positive
(+) and negative.(.) with.the,weighing-device-adjusted to
zero atno load. 

'When tare is in use, the tolerance Values

are applied from the taÍe zeto reference; the tolerance

values apply to certified test loads only.

T.N.2.2. Type Evaluation Examinations. - For type

evaluation examilations, the tolerance values apply to

increasfurg and decreasing load tests within the tempera-

ture, power supply, and barometric pressure limits
specified in T.N.8.
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Vehicle, axle-load, livestock, railway
track (weighing statically), crane, and

hopper (other than grain hopper)

Type of Device

Grain test scales

Railway track scales weighing in
motion

Monorail Scales, In-Motion

Customer-Operated Bulk-Weighing
Systems for Recycled
Materials

Y
tv
l.J

Wheel-load weighers and portable
axle-load scales

Subcategory

Prescription scales

i Table T.1.1. Tolerances for Unmarked Scales

n < 10000
n> 10000

Jewelers'scales

Dairy-product-test scale

Min. Tol

Postal and parcel post scales

Designed./used to weigh
loads < 2 lb

Tested individually or

in pairs2

Class III L, T.N.3.l (Table 6) and T.N.3.2.

T.N.3.6. except that for T.N.3.6.2. (a), no single error shall exceed

four times the maintenance tolerance.

Other postal and parcel post scales

Accept. Tol.

Graduated

Class III, T.N.3.1. (Table 6) and T.N.3.2.
Class II, T.N.3.1. (Table 6) and T.N.3.2.

t 5% of applied material test load.
Average error on 10 or more test loads < 2

All other scales

Unsraduated

0.5d or 50 lb,
whichever is sreater

Loads < l8 g
18 e load

Maint. Tol.

2 If marked and tested as a pair, the tolerance shall be applied toi the sum of the indications.
3 The decreasing load test does not apply to portable wheel loadlweighers.

0.1 grain (6 mg)

Loads < 2 lb

0.5d

ecreasins load test aoolies

Sensitivity or
smallest weight,
whichever is less

Loads > 2lb

T.N.3.8.

0.2 grain
0.2 fiain

l% oftest load

Decreasing Load
Multipliert

n>5000

0.1% oftest load

applies only to automatic indicating

15 grain, I g,l/32 oz
0.03 oz. or 0.002 lb

.5%

n<5000

0.05% oftest load

Table 5

to automatlc I

Table 5

.0

0.2 grain
0.3 srain

2% oftest load

0.5d or 0.05%" of.

scale capacity,
whichever is less

Other Applicable
Requirements

0.1% oftest load

T.N.2., T.N.3.,
T.N.4.1., T.N.4.2.,
T.N.4.3., T.N.4.4.,
T.N.5.. T.N.7.2.

15 grain, I g,

ll32 o2,0.03 oz, or
0.002Ib

.0

0.05% of test load

.0

Table 5

l

l.., l

>a

fl'p.

H'

Table 5

sl

.0

0.2 grain
0.5 grain

)a

0.05% oftest load

.0

Class III, T.N.3.1., Table 6 and T.N.3.2.

15 grain, I g,Ll32oz,
0.03 oz. or 0.002 lb

1.53

Table 5

.5

Table 5

0.1% oftest load

.5

.5

.5

.5

.5

T.N.2.5., T.N.4.1.
T.N.4.2., T.N.4.3.
T.N.5., T.N.7.2.

t.0

T.N.2., T.N.3.,
T.N.4.1., T.N.4.2.,
T.N.4.3., T.N.5.,
T.N.7.2.

(Added 1990; Amended 1992 and 1998)
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Table 5.

Maintenance and Acceptance Tolerances for Unmarked
Postal and Parcel Post Scales

Acceptance
tolerance

(+)

(o") (lb)

Maintenance
tolerance

l+)

Test
loads

(lb)

U32

U16

3lt6

3lt6

U4

0.002

0.004

0.012

0.012

0.015

U32

_!!!-

3lt6

318

1 l''

0.002

0.008

0.012

0.024

0.030

0 to 1, inclusive

-------9v9r.1-------
0 to 7, inclusive

7+ To 24, inclusive

24+ to 30, inclusive

0 to 4, in-
clusive*

0.05% of Test Load0.1% of Test Load

*See Table T.1.1. for scales designed and/or used to weigh loads less than 2 lb'

Table 6.

Maintenance Tolerances
(All values in this table are in scale divisions)

toìol
2 001

201

+

- 4000

- 400

4001+

401 +

s0 001 - 200 000

5 ooi

501

)l

501

20 000

2 000

200

I 000

0- 5000

0- 500

0- 50

0- 500

II

lll

IIII

IIIL (Add ld for each additional 500d or fraction

T.N.2.3. Subsequent Verification Examinations. -

For subsequent verification examinations, the tolerance

values apply regardless of the influence factors in
effect at the time of the conduct of the examination.

(Also see G-N.2.)

T.N.2.4. Multirange (Variable Division-Value)

Scales. - For multirange devices, the tolerance values

are based on the value of the scale division of the range

ln use.

T.N.2.5. Ratio Tests. - For ratio tests, the tolerance

values are 0.75 ofthe aþplicable tolerances'

T.N.3. Tolerance Values.

T.N.3.1. Maintenance Tolerance Values. - The

maintenance tolerance values are as specified in

Table 6.

T.N.3.2. Acceptance Tolerance Values. - The

acceptance tolerance values shall be one-half the

maintenance tolerance values.

T.N.3.3. Wheel-Load Weighers and Portable

Axle-Load Weighers of Class IIII. - The tolerance
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values are two times the values specified in T.N.3.1.
and T.N.3.2.
(Amended 1986)

T.N.3.4. Crane and Hopper (Other than Grain
Hopper) Scales. - The maintenance and acceptance
tolerances shall be as specified in T.N.3.1. and T.N.3.2.
for Class III L, except that the tolerance for crane
andconstruction materials hopper scales shall not be
less than ld o¡ 0.1 percent of the scale capacity,
whichever is less.
(Amended 1986)

T.N.3.5. Separate Main Elements: Load
Transmitting Element, Indicating Element, Etc. - If
a main element separate from a weighing device is
submrtted for type evaluation, the tolerance for the
element is 0.7 that for the complete weighing device.
This fraction includes the tolerance attributable to the
testing devices used.

T.N.3.6. Coupled-In-Motion Railroad \Meighing
Systems. - The maintenance and acceptance tolerance
values for the group of weight values appropriate to the
application must satisfy the following conditions:
(Amended 1990 and 1992)

T.N.3.6.1. - For any group of weight values, the
difference in the sum of the individual in-motion car
weights of the group as compared to the sum of the
individual static weights shall not exceed
0.2 percent.
(Amended 1990)

----{-N3.6.2. - --trf-aweighing system,is used to weigh
trains of five or more cars, and if the individual car
weights are used, any single weight value within the
group must meet the following.criteria:

(a) no single error may exceed three times the
static maintenance tolerance;

(b) not more than 5 percent of the errors may
exceed two times the static maintenance
tolerance; and

(c) not more than 35 percent of the errors may
exceed the static maintenance tolerance.

(Amended 1990 and 1992)

T.N.3.6.3. - For any group of weight values wherein
the sole purpose is to determine the sum of the
group, T.N.3.6.1. alone applies.
(Amended 1990)

T.N.3.6.4. - For a weighing system used to weigh
trains of less than frve cars, no single car weight
within the group may exceed the static maintenance
tolerance.
(Amended 1990 and 1992)

T.N.3.7. Uncoupled-in-Motion Railroad Weighing
Systems. - The maintenance and acceptance tolerance
values for any single weighment within a group of
non-interactive (i.e., uncoupled) loads, the weighment
error shall not exceed the static maintenance tolerance.
(Amended 1992)

T.N.3.8. In-Motion Weighing, Monorail Scales. - On
an in-motion test of 20 or more individual test loads,
10 percent of the individual test loads may be in error,
each not to exceed two times the static tolerance
applicable. The error on the total of the individual test
loads shall not exceed *0.2 nercent.
(Added 1986)

T.N.3.9. Materials Test on Customer-Operated Bulk
rileighing Systems for Recycled Materials. - The
maintenance and acceptance tolerance shall be + 5
percent of the applied materials test load except that the
average error on 10 or more test materials test loads
shall not exceed +2.5 percent.
(Added 1986)

T.N.4. Agreement of Indications.

T.N.4.1. Multiple Indicating/Recording
Elements. - In the case of a scale or weighing system
equipped with more than one indicating element or
indicating element and recording element combination,

-where the'indicators'or indicator/recorder combination
are intended to be used independently of one another,
tolerances shall be applied independently to each
indicator or indicator/recorder combination.
(Amended 1986)

T.N.4.2. Single IndicatinglRecording Element. - In
the case of a scale or weighing system with a single
indicating element or an indicating/recording element
combination, and equipped with component parts such
as unit weights, weighbeam and weights, or multiple
weighbeams that can be used in combination to
indicate a weight, the difference in the weight value
indications of any load shall not be greater than the
absolute value of the applicable tolerance for that load,
and shall be within tolerance limits.
(Amended 1986)

T.N.4.3. Single Indicating Element/lVluttiple
Indications. - In the case of an analog indicating
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element equipped with two or more indicating means

within the same element, the difference in the weight

indications for any load other than zeto shall not be

greater than one-half tbe value of the scale division (d)

and be within tolerance limits.
(Amended 1986)

T.N.4.4. Shift or Section Tests. - The range of the

results obtained during the conduct of a shift test or a

section test shall not exceed the absolute value of the

maintenance tolerance applicable and each test result

shall be within applicable tolerances.

(Added 1986)

T.N.4.5. Time Dependence. - At constant test

conditions, the indication 20 seconds after the

application of a load and the indication after I hour

shall not differ by more than:

(u) one-half of the absolute value of the applicable

tolerance for the applied load for class III L
devices; and

(b) the absolute value of the applicable tolerance tbr
the applied load for all other devices'

(Amended 1989)

rr T.N.S. Repeatability. - The results obtained from several

weighings of the same load under reasonably static test

conditions shall agree within the absolute value of the

maintenance tolerance for that load, and shall bç within
applicable tolerances.

T.N.6. Sensitivity. - This section is applicable to all

nonautomatic-indicating scales marked I, II, III, IIl L, or

T.N.6.1. Test Load.

(a) The test load for sensitivity for nonautomatic-

indicating vehicle, axle-load, livestock, and

animal scales shall be ld for scales equipped with
balance indicators, and2d or 0.2 percent of the

scale capacity, whichever is less, for scales not
equipped with balance indicators.

(b) For all other nonautomatic-indicating scales, the

test load for sensitivify shall be ldatzeto arÅ2d
at maximum test load.

T.N.6.2. Minimum Change of Indications. - The

addition or removal of the test load for sensitivity shall

cause a minimum permanent change as follows:

2.20. Scales

(a) for a scale with hig loop but without a balance

indicator, the position of the weighbeam shall

change from the center to the outer limit of the

hig loop;

(b) for a scale with balance indicator, the position of
the indicator shall change one division on the

graduated scale, the width of the cenüal target

area, or the applicable value as shown below,

whichever is greater:

Scale of Class I or II: 1 mm (0.04 in),

Scale of Class III or IIII with a maximum

capacity of 30 kg (70 lb) or less: 2 mm (0.08 in),

Scale of Class III, III L, or IIII with a maximum

capacity of more than 30 kg (70 lb): 5 mm
0.20 in);

(c) for a scale without a trig loop or balance

indicator, the position of rest of the weighbeam or

lever system shall change from the horizontal or

midway between limiting stops to either limit of
motion.

(Amended 1987)

T.N.7. DiscriminatÍon.

T.N.7.1. Analog Automatic Indicating (i.e.'

Weighing Device With Diat, Drum, Fan' Etc.). - A
test load equivalent to l.4d shall cause a change in the

indication of at least 1.0d. (See N.1.5')

T.N.7.2. Digital Automatic Indicating. - A test load

equivalent to 1,4d shall cause a change in the indicated

or recorded value of at least 2.0d. This requires the

-zsne of,uncertainty ts be not greater-thanthree-tenths

of the value of the scale division. (See N.1.5.1')

T.N.8. Influence Factors. - The following factors are

applicable to tests conducted under controlled conditions

only, provided that:

(a) types ofdevices approvedpriorto January 1, 1986,

and manufacturecl prior to January 1, 1988, need not

meet the requirements of this section, and

(b) new types of devices submitted for approval after

January 1, 1986r shall comply with the requirements

of this section, and

(") all devices manufactured after January 1, 1988, shall

comply with the requirements of this section'

(Amended 1985)
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that it carmot be interpreted, or transmitted into
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T.N.8.1. Temperature. - Devices shall satisfy the
tolerance requirements under the following
temperature conditions:

T.N.8.1.1. If not specifîed in the operaring
instructions for Class I or II scales, or if not marked
on the device for Class III, ilI L, or IIII scales, the
temperature limits shall be:

-10 'C to 40 'C (14 'F to 104 "F)

T.N.8.1.2. If temperature limits are specifred for the
device, the range shall be at least that specified in
Table T.N.8.1.2.

T.N.8.1.3. Temperature Effect on Zero-Load
Balance. - The zero-load indication shall not varv
by more than:

(a) three divisions per 5 'C (9 "F) change in
temperatwe for Class III L devices; or

(b) one division per 5 "C (9 "F) change in
temperature for all other devices.

(Amended 1990)

T.N.8.1.4. Operating Temperature. - Except for
Class I and II devices, an indicating or recording
element shall not display nor record any usable
values until the operating temperature necessary for
accurate weighing and a stable zero balance condi-
tion have been attained.

T.N.8.2. Barometric Pressure. - Except for Class I
scales, the zero indication shall not vary by more than
one scale division for a change in baromehic pressure
of I kPa over the total barometric pressure range of
95 kPa to 105 kPa (28 in to 31 in of Hg).

T.N.8.3. Electric Power Supply.

T.N.8.3.1.
tr'requency.

Power Supply, Voltage and

(a) 'Weighing devices that opemte using
alternating current must perform within the
conditions defined in paragraphs T.N.3.
tbrough T.N.7., inclusive, over the line voltage
range of 100 V to 130 V or 200 V to 250 V
nns as appropriate, and over the frequency
range of 59.5 Hz to 60.5 Hz.

(b) Battery operated instuments shall not indicate
nor record values outside the applicable
tolerance limits when battery power ouþut is
excessive or deficient.

T.N.8.3.2. Power Interruption. - A power
intemrption shall not cause an indicating or
recording element to display or record any values
outside the applicable tolerance limits.

T.N.9. Radio Frequency Interference (RFI) and
Other Electromagnetic Interference Susceptibility.
- The difference between the weight indication due to
the disturbance and the weight indication without the
disturbance shall not exceed one scale division (d); or
the equipment shall:

(a) blank the indication, or

(b) provide an error message, or

(c) the indication shall be so completely unstable

memory or to a recording element, as a correct
measurement value.

The tolerance in T.N.9. is to be applied independently
of other tolerances. For example, if indications are at
allowable basic tolerance error limits when the
disturbance occurs, then it is acceptable for the
indication to exceed the applicable basic tolerances
during the disturbance. [Editors' Note: Following the
1997 NCWM Annual Meeting, the text in this
paragraph was revised with concurrence of the S&T
Committee to clarify its application.l
(Amended 1997)

UR. User Requirements

{IR.l. Selection Requirements. - Equipment shall be
suitable for the service in which it is used with respect to

Table T.N.8.1.2.
Temperature Range by Class

Class Temperature Range

I

il
III, III L, & IIII

5 'C (9 'F)

15 'c (27 "F)

30 "c (54 "F)
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elements of its design, including but not limited to, its

capacity, number of scale divisions, value of the scale

division or verification scale division, minimum capacity,

and computing capabilitY.a

UR.l.1. General.

(a) For devices marked with a class designation, the

fypical class or type of device for paficular
weighing applications is shown in Table 7a.

(b) For devices not marked with a class designation,

Table 7b applies.

UR.1.2. Grain Hopper Scales. - The minimum

number of scale divisions for a Class III Hopper Scale

used for weighing grain shall be 2000.

11R.1.3. Vølue of the Indicøted and Recorded Scale

Divisíon. - Except for Cløss I scales, the value of the

division as recorded shall be the same as the division

value indicated.

[Nonretroactive as of January I, 1986.J

(Added 1985)

'UR.1.4. Grain-Test Scales: Value of the Scale

" Divisions. - The scale division for grain-test scales

shall not exceed 0.2 g for loads fhrough 500 g, and

shall not exceed I g for loads above 500 g through

1000 g.

(Added 1992)
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IIR.2.3. Protection From Environmental Factors. -

The indicating elernents, the lever system or load cells,

and the load-receiving element of a permanently

installed scale, and the indicating elements of a scale

not intended to be permanently installed, shall be

adequately protected from environmental factors such

as wind, weather, and RFI that may adversely affect the

operation or performance of the device'

UR.2.4. Foundation, Supports, and Clearance. -

The foundation and supports of any scale installed in a

fixed location shall be such as to provide strength,

rigidity, and permanence of all components, and

clearance shall be provided around all live parts to the

extent that no contacts may result when the

load-receiving element is empty, nor throughout the

weighing range of the scale. On vehicle and livestock

scales, the clearance between the load-receiving

elements and the coping at the bottom edge of the

platþrm shall be greøter than at the top edge of the

platþrm.
[Nonretroactive as of January I, 1973.]

IIR.2.5. Access to Weighing Elements. - Adequate

provision shall be made for ready access to the pit of a

vehicle, livestock, animal, axle-load, or railway hack

scale for the purpose of inspection and maintenance'

Any of these scales without a pit shall be installed with

adequate means for inspection and maintenance of the

weighing elements.
(Amended 1985)

(a) the width at least the width of the platform,
(b) the length at least one-half the length of the

platfurm but not required to be more than

I2 m (40 ft), and
(c) not less than 3 m (10 ft) of any approach

adjacent to the platform shall be constructed

of concrete or similar durable material to
ensure that this portion remøins srnooth and

Ievel qnd in the same plane as the platform.

However, grating of sfficient strength to
withstand all loads equal to the concentrated

Ioad capacity of the scale may be installed in

this portion. Any slope in the remaining

portion ofthe approach shall ensure (l) ease

of v ehi c I e qc c es s, ( 2 ) eas e for tes ting purp o s e s,

uR.1.5. Recordíng Element, class III L Railwøy uR.2.6. Approaches.

Trøck Scøles. - Class III L Railway Trøck Scales must

be equippecl with a recorcling element. [Nonretroactive UR.2.6.1. Vehicle Scales. - On the entrance and

as oJ Jatxuaty I, I
(Adãed 1995) 

- 
location for a period of 6 months or more, there

shall be a straight approach as follows:
UR.2. Installation Requirements.

UR.2.1. Supports. - A scale that is portable and that is

being used on a counter, table, or the floor shall be so

positioned that it is firmly and securely supported.

UR.2.2. Suspension of Hanging Scale. - A hanging

scale shall be freely suspended from a fixed support

when in use.

a Purchasers and users of scales such as railway

track, hopper, and vehicle scales should be aware of
possible additional requirements for the design and

installation of such devices,
(Footnote Added 1995)

z-27



2.20. Scales

TableTa.
Typical Class or Type of Device

for Weighing Operations

Class Weighing Application or Scale Type

I

II

ru

III L

ilil

Precision laboratory weighing

Laboratory weighing, precious metals and gem weighing, grain test scales

All commercial weighing not otherwise specified, grain test scales, retail precious metals and semi-

precious gem weighing, animal scales, postal scales, scales used to determine laundry charges, and

vehicle on-board weighing systems

Vehicle, axle-load, livestock, railway tuack scales, crane, hopper (other than grain hopper) scales, and

vehicle on-board weighing systems

Wheel-load weighers and portable axle-load weighers used for highway weight enforcement

Note: A scale with a higher accuracy class than that specified as "typical" may be used.
(Amended 1985, 1986, 1987, 1988, 1992,and.1995)

and (3) drainage awøyfrom the scøle.

[Nonretroactive as of 1976.]
(Amended 1977, 1983, 1993)

UR.2.6.2. Axle-Load Scales. - At each end of an

axle-load scale there shall be a straight paved

approach in the same plane as the platform. The
approaches shall be the same width as the platform
and of sufficient length to insure the level position-
ing of vehicles during weight determinations.

UR.2.7. Stock Racks. - A livestock or animal scale

shall be equipped with a suitable stock rack, with gates

as required, which shall be securely mounted on the

--scale--platform.-'Adequate- clearances shall be

maintained around the outside of the rack.

UR.2.8. Hoists. - On vehicle scales equipped with
means for raising the load-receiving element from the

weighing element for vehicle unloading, means shall
be provided so that it is readily apparent to the scale

operator when the load receiving element is in its

designed weighing position.

UR.2.9. Provision for Testing In-Motion Monorail
Scales. - Provisions shall be made at the time of
tnstallation of an in-motion monorail scale for testing
in accordance with N.1.3.6.1. (a rail around or other
means for returning the tesl carcasses to the scale

being tested).

[Nonretroactive as of January I, 1998]
(Added 1997)

UR.3. Use Requirements.

UR.3.1. Recommended Minimum Load. - A
recommended minimum load is specified in Table 8

since the use of a device to weigh light loads is likely
to result in relatively large errors.

UR.3.1.1. Minimum Load, GraÍn Dockage
Determination. - When determining the quantity of
foreign material (dockage) in grain, the weight of
the sample shall be equal to or greater than 500 scale

divisions.
(Added 1985)

UR,3.2.. Maximum Load- - A.scale shall not-be used

to weigh a load of more than the nominal capacity of
the scale.

LIR.3.2.1. Maximum Loading for Vehicle
Scales. - A vehicle scale shall not be used to weigh
loads exceeding the maximum load capacity of its
span as specified in Table UR.3.2.1.
(Added 1996)

IJR.3.3. Single-Draft Vehicle Weighing. - A vehicle
or a coupled vehicle combination shall be

commercially weighed on a vehicle scale only as a

single draft. That is, the total weight of such a vehicle
or combination shall not be determined by adding

together the results obtained by separately and not
simultaneously weighing each end of such vehicle or
individual elements of such coupled combination.
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2.20. Scales

Tablè 7b.

Applicable to Devices

not Marked With a Class Designation

MaximumValue of dScale Type or Design

l0 pounds (but not greater than 0.05 %o of capa-

city)

39jgJ91tg-Bl9:2!:-gf.:YzP:"i!

0.1 %o capacity (but not greater than 50 lb)

(but not greater than 50 lb)

-$ttt-Igg-¿-s-94$'-19:r-b-"-1q1"-19-el9-t:n--
Animal Scales

Grain Hopper Scales

Capacity up to and jncl. 50 000 lb

Capacity over 50 000 lb

Vehicle and Axle-Load Scales Used in Combination

Capacity up to and including 200 000 lb
over 200 000 lb

Railwav Track Scales

Scales with capacities greater than 500 lb except otherwise speci-

fied

Note: For scales not specified in this table, G-UR' I . I . and UR.1 ' apply.

(Added 1985) (Amended 1989)

(a)

However:

the weight of a coupled combination may be

determined by uncoupling the various elements
- (trãctõr, semitraileli, trailer), weighüiþ éãch irñit

separately as a single draft, and adding together

the results, or

(b) the weight of a vehicle or coupled-vehicle

combination may be determined by adding

together the weights obtained while all individual
elements are resting simultaneously on more than

one scale platform.

Note: This paragraph does not apply to highway-law-
enforcement scales and scales used for the collection of
statistical data.

(Added 1992)

UR.3.4. \ilheel-Load Weighing.

UR.3.4.1. Use in Pairs. - When wheel-load

weighers or portable axle-load weighers are to be

regularly used in pairs, both weighers of each such

pair shall be appropriately marked to identify them

as weighers intended to be used in combination.

- UR.3.4.2. Level Coridition-. - Æ-vehïele-of whieh

either an axle-load determination or a gross-load

determination is being made utilizing wheel-load

weighers or portable axle-load weighers, shall be in
a reasonably level position at the time of such

determination.

UR.3.5. Special Designs. - A scale designed and

marked for a special application (such as a

prepackaging scale) shall not be used for other than its

intended purpose.

UR.3.6. Wet Commodities. - Wet commodities not in
watertight containers shall be weighed only on a scale

having a pan or platform that will drain properly'

(Amended 1988)

IIR.3.7. Minimum Load on a Vehicle Scale. - A
vehicle scale shall not be used to weigh net loads

smaller than:
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2.20. Scales

Table 8.

Recommended Minimum Load

Value of
scale division

(d or e*)

equal to or greater than 0.001 g

0.001 g to 0.05 g, inclusive

equal to or greater than 0.1 g

All**

All

All

100

20

50

20

50

l0
*For class I and II devices equipped with auxiliary reading means (i.e., a rider, a vernier, or
a least significant decimal differentiated by size, shape or color), the value ofthe verifica-
tion scale division "e" is the value of the scale divisiori immediately preceding the auxiliary
means. For Class III and IIII devices the value of "e" is specified by the manufacturer as
marked on the device; "e" must be less than or equal to "d.',

**A minimum load of l0d is recommended for a weight classifier marked in acco¡dance
with a statement identifying its use for special applications.
(Amended 1990)

(a) lOd when weighing scrap material for recycling;

(b) 50d for all other weighing.

As used in this paragraph, scrap materials for recycling
shall be limited to ferrous metals, paper (including
cardboard), textiles, plastic, and glass.
(Amended 1988 and 1992)

--tIR.3;8; Minimum Load for Weighing I-ivestock.:A
scale with scale divisions grearer than 2 kg (5 lb) shall
not be used for weighing net loads smaller than 500d.
(Amended 1989)

UR.3.9. Use of Manual Gross Weight Entries. -
Manual gross weight entries are permitted for use in
the following applications only: (l) in point-of-sale
systems interfaced with scales when credit is being
given for a weighed item; (2) when a device or system
is generating labels for standard weight packages; (3)
when postal scales or weight classifiers are generating
manifests for packages to be picked up at a later time;
and (4) on livestock scale systems that generate weight
tickets to correct erroneous tickets.
(Added 1992)

LIR.4. Maintenance Requirements.

UR.4.1. Balance Condition. - The zero-load
adjustonent of a scale shall be maintained so that, with
no load on the load-receiving element and with all
load-counterbalancing elements of the scale (such as
poises, drop weights, or counterbalance weights) set to
zero, tbe scale shall indicate or record a zero balance
condition. A scale not equþed to indicate or record a
zefo:löãd b;¿iladde Shá1lbé irÈintà-üied il bâlâncì under
any no-load condition.

I1R.4.2. Level Condition. - If a scale is equipped with
a level-condition indicator. the scale shall be
maintained in level.

I1R.4.3. Scale Modifïcation.- The dimensions (e,g.,
length, width, thickness, etc.) of the load receiving
element of a scale shall not be changed beyond the
manufach¡rer's specifications, nor shalt the capacity of
a scale be increased beyond its design capacity by
replacing or modifying the original primary indicating
or recording element with one of a higher capacity,
except when the modification has been approved by a
competent engineering authority, preferably that of the
engineering department of the manufacturer of the
scale, and by the weights and measures authority
having jurisdiction over the scale.
(Amended 1996)
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2.20. Scales

UR.s: Coupled-in-Motion Railroad Wejghing
Systems.- A coupled-in-motion weighing system placed
in service on or after January l,1991, should be tested in
the manner in which it is operated, with the locomotive
either pushing or pulling the cars at the designed speed
and in the proper direction. The cars used in the test train
should represent the range of gross weights that will be
used during the normal operation of the weighing system.
Except as provided in N.4.2. and N.4.3.(a), normal operat-
ing procedures should be simulated as nearly as practical.
Approach conditions for a train length in each direction of
the scale site are more critical for a weighing system used
for individual car weights than for a unit-hain-weights-
only facility, and should be considered prior to
installation.
(Added 1990; Amended 1992)

2-31



2.20. Scales

1.000

1.000

r.000

t.t47

l. t76

L250

1.2'19

Table UR.3.2.1
Span Mãîimum Löad

Ratio ofCLC to mâximum load ("r" factor) carried on any group of2 or more consecutive axles

INSTRUCTIONS:

l. Determine the scale's CLC.

2. Count the nunrber ofules on the vehicle in a qiven span
and determine the dist¿nce in feet between theÏrst aúd last
axle in the span.

3. lrduìtþly the CLC by the conesponding multiplier in the
t¿ble{. 

-

4. The resultine nmber is the scale's maximum concenhated
load for a sin-gle spu based on the vehicle configuation.

*See note æd fomìula otr next page.
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Tâble UR.3,2.1
Span Maximum Load

Distance in feet between the
extremes of any group of 2

Ratio of CLC to max¡mum load ("r' factor) carried on any group of 2 or more consecutive axles

2axles l3axles l¿a*les lsol"t l6axles lTaxles lEaxles l9axles
5l 2.235 2.353 2.48s 2.632 2.794 2'956

52 2.250 2.368 2.500 2.662 2809 2.971

)J 2.279 2.382 2..529 2.676 2'838 3'000

54 2.294 2.397 2.544 2.691 2.853 3.015

55 2309 2.426 2.559 2106 2.868 3.029

)o 2.338 2.441 2.574 2.721 2.882 3.044

57 23531 2.456 2.588 2.735 2'E97 3.059

58 2.47t 2.618 2.765 2.912 3'074

2.500 2.632 2.7'79 2.926 3.088

60 2.515 2.647 2.794 2.956 3'103

2.20. Scales

*Note: lowingformula.ValuesmayberoundedinsomecaseSforeaseofuSe'

w=rxr*[(#\) .rzr-:6]

TandemAxle Weight.
Exception - These values in the third column correspond to the maximum loads in which the inner bridge dimensions of

36,31, and 38 feet are considered to be equivalent to 39 feet. This allows a weight of 68 000 lb on axles 2 through 5.

Corresponds to the Interstate Gross Weight Limit'
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lndex

Scales Code Index

Acceptance (2-9, 2-20, 2-23, 2-24) .

Acceptance tolerance (2-9, 2-23, 2-24)
Access to weighing elements (2-27)
Accuracy (2-8- I 1, 2-14-16, 2-20, 2-21, 2-28)
Accuracy class (2- 10, 2-14-16, 2-20, 2-28)
Adjustable components (2-7, 2-10)
Adjustrnent (2-7, 2-10, 2-20, 2-30)
Approaches (2-27, 2-28)
Audit hail (2-7)
Automatic indicating scales (2- 12, 2- 17, 2-22)
Automatic zero-setting mechanism (2-7, 2-l l)
Axleload scales (2-3, 2-9, 2-12, 2-22)
Balance condition (2-3, 2-7, 2-9, 2-21, 2-26, 2-30)
Balance indicator (2-3, 2-8-10, 2-21, 2-25)
Balance indicators (2-20, 2-21, 2-25)
Balance position (2-4)
Barometic pressure (2-21, 2-26)
Capacity (2- 5, 2-7 -12, 2- 1 4 - | 8, 2-20 -2 5, 2-27 -30)
Capacity indication (2-5)
Center-of-zero (2-3)
Class (2-6, 2-J, 2-9, 2-10,2-12,2-14-16,2-18,2-20, 2-

22-30)
Clearance (2-4, 2-9, 2-27)
Computing scale (2-6, 2-9\
Consecutive-car test (2-19 , 2-19, 2-20)
Coupled-in-motion (2- I 9, 2-24, 2-3 l)
Coupled-in-motion railroad weighing systems (2-24, 2-

Crane and hopper (other than granhopper) (2-24,
2-3r)

Crane scales (2-24)
Customer's indications (2-17, 2-29)
Dairy-producttest (2-6)
Damping means (2-9, 2-22)
Direct sales (2-9)
Discrimination test (2-5-8, 2-10)
Distributed-car test (2- 1 7)
Electric power supply (2-19)
Environmental factors (2-26)
Foundation (2-17, 2-27)
Graduations (2-27)
Grain test scales (2-3-6, 2-9)
Grain-test (2-20, 2-22, 2-28)
Hanging scale (2-9, 2-27)
Hanging scales (2-27)
Hoists (2-17)
Hopper scales (2-28)
I (2-17, 2-24, 2-27, 2-29)
rr (2-7 - 10, 2- 12, 2- | 5 - 1 8, 2 -20, 2-2 t, 2 -23 -29, 2-3 0)
III (2-7 - 10, 2- 12, 2- | 5, 2 - | 6, 2 -20 -23, 2 -25, 2-26, 2-29,

2-30)
III L (2-8, 2-10, 2-12, 2-l 5, 2- | 6, 2-20-29, 2-30)
IIII (2- 10, 2-15, 2-16, 2-20-29, 2-30)
Index of an indicator (2-10, 2-12, 2-l 5, 2-1 6, 2-20, 2-21,

2-23, 2-25, 2-26, 2-29, 2-30)

Indicating element (2-4)
Indicator (2-ll, 2-14-1 6, 2-24, 2-25)
Influence factors (2-3 -6, 2-8-10, 2-I5, 2-21, 2-24, 2-25,

2-30)
Initial verifrc ation (2-23 , 2-25)
Initial zero-setting mechanism (2- I 9)
Installation requirements (2-5, 2-8)
Jewelers' scales (2-27 )
Level (2-20,2-22)
Level condition (2-7 , 2-9, 2-17 , 2-27 -30)
Level-indicating means (2-29, 2-30)
Livestock scale (2-9)
Livestock scales (2-30)
Load cell (2-8, 2-11, 2-12, 2-15, 2-16, 2-27)
Load cell verif,rcation interval (2 - | 1, 2- 1 4 - | 6)
Main elements (2-11)
Maintenance (2-l 1, 2-24)
Maintenance requirements (2-20, 2-22, 2-27, 2-30)
Maintenance tolerance (2-30)
Manual gross weight entries (2-22)
Marking requirements (2-7, 2-30)
Material test (2-11, 2-14)
Minimum load (2- 17, 2-22)
Minimum test weights (2-28-30)
Money-value computation (2- 1 8)
Money-value graduations (2-6)
Monorail scale (2-6)
Multirange (2-8, 2-9, 2-17, 2-28)
Nominal capacity (2 -23)
Noload reference value (2-5, 2-10-12,2-14-16, 2-20, 2-

21,2-28)
Operating temperature (2-3)
Parallax (2-21,2-26)
Parcel post scales (2-4)
Poise (2-20, 2-22, 2-23)
Portable axle-load weighers (2-5)
Postal (2-3,2-28)
Power intem-rption (2-3, 2-5, 2-15, 2-20, 2-22, 2-23, 2-28,

2-30)
Prepackaging scale (2 -26)
Prescription (2- 6, 2-29)
Provision for sealing (2-9, 2-20, 2-22)
Railway track scales (2-7)
Ratio test (2-8, 2-9, 2-7 1, 2- 12, 2- | 6, 2- 18, 2-21, 2-22, 2-

27-29)
Readability (2-17)
Recorded representations (2-5)
Recording elements (2-3, 2-6)
Repeatability (2-3, 2-9, 2-24)
RFr (2-2s)
Scale modifi cation (2-17, 2-21, 2-26, 2-27)
Sealing (2-30)
Security seal(2-7)
Sensitivity requirement (2-7)
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Index

Sensitivity test (2-20, 2-2L)
Shift test (2-17)
Stock racks (2-I2,2-17 ,2-25)
Strain-load test (2-28)
Subsequent verification (2- I 8)
Supports (2-19,2-23)
Symmetry (2-11,2-27)
Temperature (2-4)
Temperature effect on zero-load (2-l l, 2- | 4, 2-21, 2-26)
Test loads (2-26)
Time dependence (2- I l, 2-12, 2-18, 2-21, 2-22, 2-24)
Tolerances (2-25)
Travel (2-8, 2-9, 2-18, 2-20, 2-26)
Type evaluati on (2-4, 2-5, 2-10, 2-20)
Uncoupled-in-motion (2-71, 2-21 , 2-24)
Uncoupled-in-motion railroad weighing system (2-20, 2-

24)
Unit weights (2-20)
Use requirements (2-5, 2-6, 2-16, 2-24)
Value of scale division (2-28)
Vehicle on-board weighing system (2-3,2-14)
Vehicle scale (2-7, 2-9, 2-17)
Vehicle scales (2-27 -29)
TVeighbeam (2-7, 2-12, 2-27, 2-28)
Weighing elements (2-4, 2-5, 2-17, 2-21, 2-24, 2-25, 2-

2e)
Weight ranges (2-10-12, 2-17, 2-27)
rtreight units (2-5, 2-1 6)
'Wheel'load weighers (2-3)
Zero indication (2-3, 2-9, 2-22, 2-28, 2-29)
Zero-load adjustment (2-3, 2-26)
Zer o -lo ad b alanc e (2 -7 -9, 2 -26)
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A. Application

4.1. This code applies to belt-conveyor scale systems used

for the weighing of bulk materials.

4.2. The code does not apply to:

(a) devices used for discrete weighing while moving on
conveyors;

(b) devices that measure quantity on a time basis;

(c) check-weighers; or

(d) controllers or other auxiliary devices except as they
may affect the weighing performance of the belt-con-
veyor scale.

4.3. See also General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements.

S.1.1. General. - A belt-conveyor scale shall be

equipped with a primary indicating element in the form
- --..,, -_--of, a-master weight totalizer and s hall, als o, b e .equipp ed

with a recording element, and a rate of flow indicator
and recorder (which may be analog).* An auxiliary
indicator shall not be considered part of the master

weight totalizer.
*[Nonretroactìve as of January l, ] 986.J
(Amended 1986)

S.1.2. Units. - A beirconveyor scale shall indicate and

record weight units in terms of pounds, tons, long tons,

metric tons, or kilograms. The value of a scale division
(d) expressed in a unit of weight shall be equal to:

(a) 1,2, or 5, or

(b) a decimal multiple or submultiple of 1, 2, or 5.

Sec. 2.2L Belt-Conveyor Scale Systems

2.21. Belt-Conveyor Scale Systems

S.1.3. Value of the Scale Division.

5.1.3.1. For Scales InstøIled After Januøry l' 1986.

- The value ofthe scale division shall not be gr"eater

than 0.1 percent (l/1000) of the minimum totalized
load.

[Nonretroactive as of January I, 1986.]

5.1.3.2. For Scales Installed Before January 1,

1986. - The value ofthe scale division shall not be

greater than l/1 200 of the rated capacity of the

device. However, provision shall be made so that
compliance with the requirements of the zero-load test

as prescribed in N.3. 1 . may be readily and accwately
determined in 20 minutes of operation.

5.1.4. Recording Elements ønd Recorded
Representøtions. - The value ofthe scale division of
the recording element shall be the same as that of the

indícating element. The belt-conveyor scale system

shall . record the initial indication and the final
indication of the master weight totalizer*, the quantity

delivered*, the unit of measurement (i.e., kilograms,
tonnes, pounds, tons, etc.), the date, and time. This

infurmation shall be recordedfor each delivery*.

[Nonretroactive as of Januøty I , I 986.J

[*Nonretroactive as ofJanuary ], 1994J
(amén<ieti fs93)

,S.1.5. Røte of Flow Indicøtors and Recorders. - A
belt-conveyor scale shall be equipped with a rate offlow
indicqtor and an analog or digital recorder. Permanent

tneens shall be provided to produce an audio or visual
signal when the rate offlow is equal to or less than 35

percent and when the rate offlow is equal to or greater

than 98 percent ofthe rated capacity ofthe scale. The

type of alarm (audio or visual) shall be determined by

the individual installation.

[Nonretroactive as of January l, 1986.]
(Amended 1989)

S.f.6. Advancement of Primary Indicating or
Recording Elements. - The master weight totalizer
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2.21. Belt-Conveyor Scale Systems

shall advance only when the belt conveyor is in operation
and under load.
(Amended 1989)

5.1.7. Møster tl/eight Totalizer. - The master weight
totalizer shall not be resettable without breaking a
security means.

[Nonretroactive as of January I, 1986.J

5.1.8. Power loss. - In the event of a power failure of up
to 24 hours, the accumulated measured quantity on the
master weíght totalizer of an electronic digital indicator
shall be retained in memory during the power loss.

[Nonretroactive as of January I , 1986.]
(Amended 1989)

S.2. Design of Weighing Elements. - A belt-conveyor
scale system shall be designed to combine automatically
belt havel with belt load to provide a determination of the
weight of the material that has passed over the scale.

S.2.1. Speed Measurement. - A belt-conveyor scale

shall be equipped with a belt speed or travel sensor that
will accurately sense the belt speed or travel whether the
belt is empty or loaded.

S.2.2. Adjustable Components. - An adjustable
component that can affect the performance of the device
(except as prescribed in S.3.1) shall be held securely in
adjustment.
(Amended 1998)

S.2.3. Overload Protection. - The load-receiving
elements shall be equipped with means for overload

---'proteetion of not less than I 50 percent of rated capacity.
The accuracy of the scale in its normal loading range,
shall not be affected by overloading.

S.3. Zero Setting.

S.3.1. Design of Zero-Setting Mechanism. - The range
of the zero-setting mechanism shall not be greater than
+2 percent of the rated capacity of the scale without
breaking the security means. Automatic and
semiautomatic zero-setting mechanisms shall be so

constructed that the resetting operation is carried out
only after a whole number of belt revolutions and the
completion of the setting or the whole operation is
indicated. An audio or visual signal shall be given when
th e auto nt a ti c and s emi aut o m ati c z er o -s ettin s

mechanisms reach the limit of adjustment of the zero-setting
mechanism.*

[*Nonretroactive as ofJanuary ], 19901

(Amended 1989)

5.3.2. Sensitivity øt Zero Load (For Type
Evøluation). - l4/hen a system is operated for a time
period equal to the time required to deliver the minimum
test load and with a test load calculated to indicate two
scale divisions applied directly to the weighing element,

the totalizer shall advance not less than one or more than
three scale divisions. An alternative test of equivalent
sensitivity, as speciJìed by the manufacturer, shall also
be acceptable.

[Nonretroactive as of January I, 1986.J

S.4. Marking Requirements. - A belt-conveyor scale shall
be marked with the following: (Also see G-S.1.)

(a) the rated capacity in units of weight per hour
(minimum and maximum);

(b) the value of the scale division;

(c) the belt speed in terms of feet (or meters) per minute
at which the belt will deliver the rated capacity;

(d) the load in terms of pounds per foot or kilograms per

meter (determined by materials tests);

(e) the operational temperature range ifother than
-10 "c to 40 'c (14 "F to 104 "F).

[Nonretroactive as of January I , I 986.]

5.5, Provisíon for Seøling --A device-shall be designed
ustng theþrmat setforth in Table 5.5. with provision(s) for
applying a security seal that must be broken, orfor using
other approved means of providing securíty (e.g. data
change audit trail øvailable at the time of inspectiof ,

before any change that affects the metrological integrity of
the device can be made to any electronic mechanism.

[Nonretroactive as ofJanuary I, 1999]
(Added 1998)

N. Notes

N.1. General. - Belt-conveyor scales are capable of
weighing bulk material accurately. (See Tolerances.)
However, their performance can be detrimentally affected

by the conditions of the installation. (See User Require-
ments.')
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Table 5.5. Categories of Device and Methods of Sealíng

Categories of Devices Method of Sealing

Category I: No remote configuration capability. Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 3: Remote configuration capability. An evenÍ logger is required in the device; it must
include an event counter (000 to 999), the parameter
ID, the date and time olthe change, and the new
value ofthe parameter. A printed copy ofthe
information must be available through the device or
through another on-site device. The event logger
shall have a capacity to reîain records equal to ten

times the number of sealable parameÍers in the device,
but not more than 1000 records are required. (Note:

Does not require 1000 changes to be storedfor each
parameter.)

[Nonretroacîiv as of January I, 1998] (Table Added 1998)

N.l.1. Official Test. - An official test of a belt-conveyor
scale system shall be a materials test.

N.1.2. Simulated Test. - Simulated loading conditions
as recofiunended by the manufacturer and approved by
the official with statutory authority may be used to
properly monitor the system operational performance
between official tests, but shall not be used for official
certification.
(Amended 1991)

N.2. Conditions of Tests. - A belt-conveyor scale shall be
tested after it is installed on the conveyor system with
which it is to be used and under such envi¡onmental
conditions as may normally be expected. It shall be tested
at normal use capacity and may also be tested at any other
rate of flow that may be used at the installation. Each test
shall be conducted for:

(a) not less than 1000 scale divisions,

(b) at least three revolutions ofthe belt, and

(c) at least 10 minutes of operation, or for a normal
weighment.

(Amended 1986)

2.21. Belt-Conveyor Scale Systems

N.3. Test Procedures.

N.3.1. Zero Lozd Tests. - If a belt-conveyor scale

system has been idle for a period of 2 hours or more, the
system shall be run for not less than 30 minutes when the

temperature is above 5 "C (41 'F). When the

temperature is below 5 'C (41 'F), additional warmup
time, depending upon conditions, is required before
beginning the zero-load tests. The variation between the

beginning and ending indication of the master weight
totalizer shall not be more than + I scale division when
the instrument is operated at no load for a period of time
equivalent to that required to dcliver the minimum
totalized load of 1000 scale divisions.

The zero-load test shall be conducted over a whole
number of belt revolutions, but not less than three
revolutions or 10 minutes' operation, whichever is
greater.

During any portion of the zero-load test, the totalizer
shall not change more than three scale divisions fiom its
initial indication.
(Amended 1989)

N.3.2. Material Tests. - Use bulk material, preferably
that material for which the device is normally used.

Either pass a quantity of pre-weighed material over the
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2.21. Belt-Conveyor Scale Systems

belt-conveyor scale in a manner as similar as feasible to

actual loading conditions, or weigh all material that has

passed over the belt-conveyor scale. Means for weighing
the material test load will depend on the capaciry of the

belt-conveyor scale and availability ofa suitable scale for
the test. To assure that the test load is accurately

weighed and determined, the following precautions shall

be observed:

(a) The containers, whether railroad cars, trucks, or

boxes, must not leak, and shall not be overloaded to

the point that material will be lost.

(b) The actual empty or tare weight of the containers

shall be. determined at the time of the test.

Stenciled tare weight of railway cars or trucks shall
not be used. Gross and tare weights shall be

determined on the same scale,

(c) When a pre-weighed test load is passed over the

scale, the belt loading hopper shall be examined

before and after the test to assure that the hopper is

empty and that only the material of the test load has

passed over the scale.

(d) rilhen a railway hack scale is used to weigh the test

load, not more than 48 hours should elapse between

the test on the belt-conveyor scale and the

determination of the weight of the test load. When

other scales are used, the elapsed time should be

not more than 8 hours.

(e) The test shall not be conducted if the weight of the

test load has been affected by environmental
conditions.

(Ð On initial verif,rcation, at least three individual tests

shall be conducted. On subsequent verifications, at

least two individual tests shall be conducted. The
performance of the equipment is not to be

determined by averaging the results of the

individual tests. The results of all of these tests

shall be within the tolerance limits.
(Amended 1986, 1989, and 1998)

N.3.2.1. Accuracy of Material. - The quantity of
material comprising the material test shall be weighed

statically or on an uncoupled-in-motion railway track

scale to an accuracy ofat least 0.1 percent' The scale

used to weigh material shall be tested immediately

prior to running the material test; where practicable,

the substitution method of weighing should be used.

Scales typically used for this purpose include Class II,

III, and III L scales or a scale with the tolerances as

described in Table T.1.1. of Handbook 44 Section

2.20.
(Added 1989)(Amended 1991, 1993, and 1998)

N.3.3. Simulated Load Tests. -

(a) As required by the official with statutory authority,

simulated load tests as recommended by the

manufactu¡er are to be conducted between material

tests to monitor the system's operational

performance, but shall not be used for official
certification.
(Amended 1991)

(b) A simulated load test consisting of at least th¡ee

consecufive test runs shall be conducted as soon as

possible, but not more than 12 hours after the

completion of the material test, to establish the

factor to relate the results of the simulated load test

to the results of the material tests.

(Added 1990)

(c) The results of the simulated load test shall repeat

within 0.1 percent.
(Added 1990)

(Amended 1989 and 1990)

T. Tolerances

T.1. Tolerance Valuesr. - Maintenance and acceptance

tolerances on materials tests, relative to the weight of the

material, shall be + 0.25 percent of the test load.

(Amended 1993)

T.2. Tolerance Values, Repeatability Tests. - The

variation in the values obtained during the conduct of
materials tests shall not be greater than 0'25 percent

(r/400). d

t The variables and uncertainties included in the relative

tolerance represent only part of the variables that affect the

accuracy of the material weighed on belt-conveyor scales'

If this tolerance was based on an error analysis beginning

with mass standards through all of the test processes and

following the principle expressed in Section 3.2. of the

Fundamental Considerations in Appendix A, the tolerance

would be 0.5 percent.
(Added 1993)
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T.3. Influence Factors. - The following factors are

applicable to tests conducted under controlled conditions

only, provided that:

(a) types of devices approved prior to January 1, 1986,

and manufactured prior to January 1, 1988, need not

meet the requirements of this Section; and

(b) new types of devices submitted for approval after
January 1, 1986, shall comply with the requirements
of the Section; and

(c) all devices manufactured after January 1, 1988, shall
comply with the requirements of this Section.

T.3.1. Temperature. - Devices shall satisfy the

tolerance requirements at temperatures from -10 'C to
40'c (14'F ro 104 "F).

T.3.1.1. Effect on Zero-Load Balance. - The zero-

load indication shall not change by more than 0.07

percent of tl¡e rated capacity of the scale (without the

belt) for a change in temperature of 10 "C (18 'F) at

a rate not to exceed 5 'C (9 "F) per hour.

T.3.1.2. Temperature Limits. - If a temperature range
other than -10 "c to 40 "c (14 "F to 104 'F) is
specified for the device, the range shall be at leqst

30 "c (54 'F).

[Nonretroactive as ofJanuary I, 1990J
(Added 1989)

T,3.2. Power Supply, Voltage and Frequency. - A
belt-conveyor scale system shall satisfy the tolerance

iequirements oüei a rangé of 100 V to 130 V-or 200 V to
250 V as appropriate and over a frequency range of
59.5 Hz to 60.5 Hz.

UR. User Requirements

UR.l. Use Requirements. - A belt-conveyor scale system

shall be operated between 35 percent and 98 percent ofits
rated capacity.

I1R.1.1. Minimum Totalized Load. - Delivered
quantities of less than the minimum test load shall not be

considered a valid weighment.

UR.1.2. Security Means. - When a security means has

been broken, it shall be reported to the official with
statutory authority.
(Amended 1991)

2.21. Belt-Convevor Scale Svstems

UR.2. Installation Requirements.

UR.2.1. Protection from Environmental Factors. -

The indicating elements, the lever system or load cells,

and the load-receiving element of a belt-conveyor scale

shall be adequately protected from environmental factors

such as wind, moisture, dust, weather, and radio

frequency interference (RFD and electromagnetic

interference (EMI) that may adversely affect the

operation or performance of the device.

UR.2.2. Conveyor Installation. - The design and

installation of the conveyor leading to and from the belt-
conveyor scale is critical with respect to scale perform-

ance. The conveyor may be horizontal or inclined, but,
if inclined, the angle shall be such that slippage of
material along the belt does not occur. Installation shall

be in accordance with the scale manufacturer's

instructions and the following:

(a) a belt-conveyor scale shall be so installed that
neither its performance nor operation will be

adversely affected by any characteristic of the

foundation, supports, or any other equipment;

(b) all live portions ofthe scale shall be protected by
appropriate guard devices to prevent accidental

interference with the weighing operation;

(c) suitable protection shall be provided for storage of
any simulated load equipment.

tIR.2.2.1. For Scales not Installed by the
Manufacturer. - Unless the scale is installed in a

Conveyor désigned ãncl frirnishðil by thè-scale mãñu-

facturer or built to the scale manufacturer's

specifications, the conveyor shall comply with the

following minimum requirements :

(Amended 1998)

(a) Take-up Device. - If the belt length is such that

a take-up device is required, this device shall be

of the counter-weighted type for either vertical
or horizontal travel.

(b) Scale Location and Training ldlers. - The

scale shall be so installed that the first weigh
idler of the scale is at least 6 m (20 ft) or 5 idler
spaces, whichever is greater, from loading point,

skirting, head or tail pulley, or convex curve in
the conveyor. Any taining idler shall be located

at least 18 m (60 ft) from the center line of the

weigh span of the scale. Training idlers shall not
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2.2L Belt-Conveyor Scale Systems

be restrained at anv time in order to force belt
alignment.
(Amended 1998)

(c) Concave Curve. - If there is a concave curve in
the conveyor, before or after the scale, the scale

shall be installed so that the belt is in contact
with all the idler rollers at all times for at least 6
m (20 ft) or 5 idler spaces, whichever is greater,
before and after the scale.z A concave curve
shall start no closer than 12 m (40 ft) from the
scale to ú¡s langent point ofthe concave curve.
(Amended 1998)

(d) Tripper and Movable Pulleys. - There shall be
no tipper or movable head pulleys in the
conveyor.

(e) Convqtor Length. - The conveyor shall be no
longer than 300 m (1000 ft) nor shorter than
I 2 m (40 ft) from head to tail pulley.

[Nonretroactive as of January I, i,986.J

(Ð Conveyor Stringers. - Conveyor stringers at the
scale and for not less than 6 m (20 ft) before and
beyond the scale shall be continuous or securely
joined and ofsuff,rcient size and so supported as

to eliminate relative deflection between the scale

and adjacent idlers when under load. The
conveyor stingers should be so designed that
the deflection between any two adjacent idlers
within the weigh area does not exceed 0.6 mm
(0.025 in) uuder load.

(g) Identificâtioä óf Sõale Area. - The scale area

and 5 idlers on both ends ofthe scale shall be of
a conúasting color, or other suitable means shall
be used to distinguish the scale from the
remainder of the conveyor installation, and the
scale shall be readilv accessible.
(Amended 1998)

2 Installing the belt scale 5 idler spaces from the tail pulley or the
infeed skirting will be in the area of least belt tension on the
conveyor and should produce the best accuracy. The performance
of a belt-conveyor scale may be adversely affected by a concave
curve in the conveyor that is located between the loading point
and the scale. Therefore, whenever possible, a belt-conveyor
scale should not be irstalled with a concave curve in the conveyor
between the loading point and the scale.
(Amended 1995 and 1998)

(h) Belt Composition and Maintenance. -
Conveyor belting shall be no heavier than is
required for normal use. In a loaded or unloaded

condition, the belt shall make full contact with
the carry roll (center or horizontal portion) ofthe
idlers. Splices shall not cause any undue distur-
bance in scale operation (see N.3.).
(Amended 1998)

(Ð Uniformity of Belt Loading and Flow. - The
conveyor loading mechanism shall be designed

, to provide uniform belt loading. The distance
from the loading point to the scale shall allow
for adequate settling time of the material on the
belt before it is weighed. Feeding mechanisms
shall have a positive closing or stopping action
so thatmaterial leakage does not occur. Feeders

shall provide an even flow over the scale

through the full range of scale operation.
Sufficient impact idlers shall be provided in the
conveyor under each loading point to prevent
deflection of the belt during the time material is
being loaded.

(t) Belt Aignment. - The belt shall not extend
beyond the edge ofthe idler roller in any area of
the conveyor.
(Amended 1998)

UR-2.3. Material Test. - A belt-conveyor scale shall be

installed so that a material test can be convenientlv
conducted.

[Nonretroøctive øs-of January I, !98] l

UR.2.4. Belt Travel (Speed or Velocity). - The belt
travel sensor shall be so positioned that it accurately
represents the tavel ofthe belt over the scale for all flow
rates between the maximum and minimum values. The
belt travel sensor shall be so desisned and installed that
there is no slip.

UR.3. Use Requirements.

UR.3.1. Loading. - The feed of material to the scale

shall be controlled to assure that, during normal
operation, the material flow is in accordance with
manufacturer's recommendation for rated capacity.

UR.3.2. Maintenance. - Belt-conveyor scales and

idlers shall be maintained and serviced in accordance
with manufacturer's instructions and the followins:
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(â)

(b)

The scale and area surrounding the scale shàll be

kept clean of debris or other foreign material that

can detrimentally affect the performance of the

system.

Simulated load tests shall be conducted at periodic
intervals between offrcial tests, to provide
reasonable assurance that the device is performing
correctly. The action to be taken as a result of
simulated load test is as follows:

if the error is less than 0.25 percent, no adjustment

is to be made;

if the error is at least 0.25 percent but not more than

0.6 percent, adjustunent may be made if the official
with statutory authorify is notified;
(Amended 1991)

ifthe error is greater than 0.6 percent but does not
exceed 0.75 percent adjustments shall be made
only by a competent service person and the official
with statutory authority shall be notified. After
such an adjustment, if the results of a subsequent

test require adjustment in the same direction, an

official test shall be conducted:
(Amended 1991)

if the error is greater than 0.75 percent, an official
test is required.
(Amended 1987)

Scale Alignment. - "Wire line" (0.5 mm or 0.02 in
diameter piano wire or equivalent nylon line)
alignment checks shall be- oonducted when
conveyor work is performed in the scale area or in
accordance with manufacturer's recommendation.
A materials test is required after any realignment.
(Amended 1986) :,

Simulated Load Equipment. - Simulated load
equipment shall be clean and properly maintained.

Records. - Records of calibration and maintenance,

including conveyor alignment, shall be maintained
on site for at least three current years to develop a

history of scale performance. Copies of any report
as a result of a test or repair shall be mailed to the

official with statutory authority as required. The

current date and correction factor(s) for simulated
load equipment shall be recorded and maintained in
the scale cabinet.
(Amended 1991)

2.21 . Belt-Conveyor Scale Systems

tIR.4. Compliancè. - Prior to initial verification, the Scale

manufacturer or installer shall certify to the owner that the

scale meets code requirements. Prior to initial verifrcation
and each subsequent verification, the scale owner or his
agent shall notify the offrcial with statutory authority in
vniting that the belt-conveyor scale system is in compliance
with this specification and ready for material testing.
(Amended 1991)

(c)

(d)

(e)
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2.22. Automatic Bulk V/eighing Systems

S.1.3. Capacity Indication and Recorded
Representation. - An indicating or recording element
shall not indicate or record any values when the gross

load is in excess of 105 percent of the capacity of the

system.

S.1.4. \Meighing Sequence. - For systems used to
receive (weigh in), the no-load reference value shall be

determined and recorded only at the beginning of each

weighing cycle. For systems used to deliver (weigh out),

the no-load reference value shall be determined and

recorded only after the gross load reference value for
each weighing cycle has been indicated and recorded.

S.1.5. Recording Sequence. - Provision shall be made

so that all weight values are indicated until the

completion of the recording of the indicated value.

S.1.6. Provision for Sealing Adjustable Components
on Electronic Devices. - Provision shall be made for
applying a security seal in a manner that requires the

security seal to be broken before an adjustment can be

made to any component affecting the performance of the

device.

S,2. Design of Balance and Damping Mechanism.

S;2.1; Zero.I-oad Adjustmenû . The weighing system

shall be equipped with manual or semiautomatic means

by which the zero-load balance or no-load reference
value indication may be adjusted. An automatic zeto

setting mechanism is prohibited.

S.2.1.1. Manual. - A manual zero-load or no-load
reference value setting mechanism shall be operable
or accessible only by a tool outside of or entirely
separate from this mechanism or enclosed in a cabinet.

5.2.1.2. Semiautomatic. - A semiautomatic zero-load
or no-load referenóe value setting mechanism shall
meet the provisions of S.2.1.1. or shall be operable
only when:

ïec.2.22. Automatic Bulk Weighing Systemsl

A. Application

4.1. General. - This code applies to automatic bulk
weighing systems, that is, weighing systems adapted to the

automatic weighing of a commodity in successive drafts of
predetermined amounts automatically recording the no-load

and loaded weight values and accumulating the net weight

of each draft.
(Amended 1987)

4.2. Also see General Code Requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements and

Recorded Representations.

S.l.l. Zero Indication. - Provisions shall be made to

indicate and record a no-load reference value and, ifthe
no-load reference value is a zeÍo value indication, to

indicate and record an out-oÊbalance condition on both

sides ofzero.

5.1.1.1. Digital Zero Indication. - A digital zero

indication shall represent a balance condition that is

withi! +112 the v_a199 9_f thg s9q!9 {ivislgq.

5.1.2. Value of Scale Division (d). - The value of the

scale division (d), expressed ìn a unit of weíght, sltall be

equal to:

(a) 1,2, or 5; or

(b) a decimal multþle or submultiple of I, 2, or 5; or

(c) a binary submultiple of a unit of wetght.

Examples: Scale divisions may be 0.01, 0.02, or 0.05;

0.1, 0.2, or 0.5; 1, 2, or 5; 10, 20, or 50; or I/2, I/4, 1/8,

l/16, etc.

[Nonretroactive as of January I , I 986.J
(Amended 1987)

tlTitle amended 1986)
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2.22. Automatic Bulk Weighing Systems

(a) the indication is stable within *3 scale divisions,
and

(b) cannot be operated during a weighing operation.

S.2.2. Damping Means. - A system shall be equipped
with effective means necessary to bring the indications
quickly to a readable, stable equilibrium. Effective
means shall also be provided to permit the recording of
weight values only when the indication is stable within
plus or minus three scale divisions for devices with
10 000 scale divisions, or plus or minus one division for
devìces with less than l0 000 scale divisions.

S.3. Interlocks and Gate Control.

S.3.1. Gate Position. - Provision shall be made to
clearly indicate to the operator the position of the gates

leading directly to and from the weigh hopper.

S.3.2. Interlocks. - Each automatic bulk weighing
system shall have operating interlocks to provide for the

following:

(a) Product cannot be cycled and weighed if the weight
recording element is discormected or subjected to a
power loss.

(b) The recording element cannot print a weight if
either of the gates leading directly to or from the

weigh hopper is open.

(c) A "lowpaper" sensor, whenprovided, is activated.

(d) The system will operate only in the proper
sequence in all modes of operation.

(e) When an overfill alarm is activated, the system

shall indicate and record an overfill condition.
(Amended 1993)

S.3.3. Overfill Sensor.

(a) The weigh hopper shall be equipped with an

overfìll sensor which will cause the feed gate to
close, activate an alarm, and inhibit weighing until
the overfill condition has been corrected.

(Part (a) Added 1993)

(b) If the system is equipped with a lower gamer or
surge bin, that garner shall also be equipped with
an overfill sensor which will cause the gate of the

weigh hopper to remain open, acÍivale an alarm,

and inhibit weíghing until the overfill condítion has

been corrected.

[Nonretroactive as ofJanuary I, 1998]
(Part (b) Amended 1997)

S.4. Design of Weighing Elements.

S.4.1. Antifriction Means. - At all points at which a live
part of the mechanism may come into contact with
another part in the course of normal usage, frictional
effects shall be reduced to a minimum by means of
suitable antifriction means, opposing surfaces and points

being properly shaped, furished, and hardened.

5.4.2. Adjustable Components. - An adjustable

component, such as a potentiometer, shall be held
securely in adjustment and, except for a component for
adjusting level or a no-load reference value, shall not be

adjustable from the outside of the device.

S.4.3. Multiple Load-Receiving Elements. - A system

with a single indicating or recording element, or a

combination indicating recording element, that is

coupled to two or more load-receiving elements with
independent weighing systems, shall be provided with

.means to prohibit the activation of any load-receiving
element (or elements) not in use, and shall be provided
with automatic means to indicate clearly and definitely
which load-receiving element (or elements) is in use.

S.4.4. Venting. - All weighing systems shall be vented

so that any intemal or external pÍessure will not affect
the accuracy or operation of the system.

S.5. Marking Requirements. (See atso C-S.f .)

S.5.1. Capacity and Value of the Scale Division. - The

capacity of the weìghing system and the value of the

scale division shall be clearly and conspicuously marked

on the indicating element near the weight value

indications.

S.5.2. Weighing Elements. - On a weighing element not
permanently attached to an indicating element, there

shall be clearly and permanently marked for the purposes

of identification, the name, initials, or trademark of the

manufacturer, the manufacturer's designation that
positively identifies the pattern or design, and the

nominal capacity.

,S.5.3. Temperature Limits. - Unless the temperature

range is -10 "c to +40 "c (14 "F to 104 "F), the
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temperature range shøll be marked on the device. [Non-
retroactive as of January l, 1986.J

(Added 1985)

5.5.4. Accurøcy Class. -

(a) All systems used to weigh grain shall be marked

Class III*.

(b) AII other systems shall be marked either Class III
or III L*.

(*See Section 2.20 Scales Codefor the parameters for
these accuracy classes for scales. The specific

requirements for automatic bulk weighing systems

apply to these devices when there is a conflict between

the Scales Code and the Automatic Bulk Weíghing

Systems Code.)

[Nonretroactive as of January l, 1986.J
(Added 1985) (Amended 1992)

N. Notes

N.l. Testing Procedures.

.,jrN.1.1. Test Weights. - The increasing load test shall be
, conductedusing test weights equal to at least 10 percent

of the capacity of the system:

(a) on automatic grain bulk-weighing systems installed

after January 1, 1984, and

(b) on other automatic bulk-weighing systems installed

afterJanuary 1,1986.
({mended 1987)

N.l.2. Increasing-Load Test. - An increasing-load test

consisting of substitution and strain-load tests shall be

conducted up to the used capacity of the weighing
system.
(Amended 1987)

N.1.3. Decreasing-Load Test. - A decreasing-load test

shall be conducted on devices used to weigh out.

(Added 1986)

N.1.4. Zero Balance or No-Load Reference Value
Change Test. - A test for change ofzero-balance or no-

load reference value shall be conducted on all scales after

the removal of any test load. The change shall not be

more than the minimum tolerance applicable.

N.1.5. Discrimination Test. - A discrimination test shall
be conducted on aII automatic indicating scales wilh the

2.22. Automatic Bulk Weighing Systems

weighing devíce in e'quilibrium at zero-load and at

ntaximum test load, and under controlled conditions in

which environmental factors are reduced to the extent

that they will not affect the results obtained.

[Nonretroactive as of January l, ]986.1

N.1.5.1. Digital Device. - On a digital device, this test

is conducted from just below the lower edge of the

zone ofuncertainty for increasing-load tests, or from
just above the upper edge ofthe zone ofuncertainty
for decreasing-load tests.

(Added 1987)

N.2. Verification (Testing) Standards. - Standard weights

and masses used in veriffing weighing devices shall comply

with requirements of NIST Handbook 105-1 (Class F) or

the tolerances expressed in Appendix A, Fundamental
Considerations, paragraph 3.2. (i.e., one-third of the

smallest tolerance applied).

T. Tolerances

T.1. Tolerance Application. - Tolerance values shall be

applied to all indications and recorded representations of a
weighing system.

T.1.1. To Errors of Underregistration and

Overregistration. - The tolerances hereinafter
prescribed shall be applied equally to errors of under-

registration and errors of overregistration.

T.1.2. To Increasing-Load Tests. - Basic tolerances

shall be applied.

T.1.3. To Decreasing-Load Tests. - Basic tolerances

shall be applied to systems used to weigh out.

(Added 1986)

T.1.4. To Tests Involving Digital Indications or
Representations. - To the tolerances that would
otherwise be applied, there shall be added an amount

equal to one-half the value of the scale division. This

does not apply to digital indications or recorded

representations that have been corrected for rounding

using error weights.
(Added 1986)

'1.2. Minimum Tolerance Values. - The minimum
tolerançe value shall not be less than half the value of the

scale division.
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2.22. Automatic Bulk Weighing Systems

T.2.1. For Systems used to Weigh Construction
Materials. - The minimum maintenance and acceptance

tolerance shall be 0.1 percent of the weighing capacity of
the system, or the value of the scale division, whichever
is less.

(Added 1986)

T.3. Basic Tolerance Values.

T.3.1. Acceptance Tolerance. - The basic acceptance
tolerance shall be one-half the basic maintenance
tolerance.

T.3.2. For Systems used to Weigh Grain. - The basic
maintenance tolerance shall be 0. I percent of test load.

T.3.3. For all Other Systems. - The basic maintenance
tolerance shall be 0.2 percent oftest load.
(Amended 1986)

T.4. Time Dependence. - At constant test conditions, the
indication 20 seconds after the application of a load and
the indication after I hour shall not dffir by more than the
absolute value ofthe applicable tolerancefor the applied
load.

[Nonretroactive and enforceable as ofJanuary ], 1987.J
(Added 1986)

T.5. Repeatability. - The results obtained by several
weighings of the same load under reasonably static test
conditions shall agree within the absolute value of the
maintenance tolerance for that load. and shall be within
applicable tolerances.
(Added 1986)

T.6. Discrimination, Digital Automatic Indicating
Scales. - A test load equivalent to l.4d shall cause a change
in the indicated or recorded value of at least 2.0d. This
requires the zone of uncertainfy to be not greater than 0.3
times the value of the scale division.
(Added 1985)

T.7. Ittfluence Factors. - The following factors are
applicable to tests conducted under controlled conditions
only, provided that:

(a) types of devices approved prior to January I, 1986,

and manufactured prior to Januaty l, I 988, need not
meet the requirements of this section; and

(b) new types of devices submitted for approval after
January l, 1986, shall comply witlt the requit'ements
of this section; and

@ all devices manufactured after January I, I 988, shqll
comply with the requirements of this section.

[Nonretroactive as of January l, 1986.]

T.7.1. Temperøture. - Devices shall satisfi the tolerance
requirements under the following temperature
conditions:

T.7.1.1. If not marked on the device, the temperature
limits shall be:

-10 'cto 40 "c (14 "Fto 104 'F)

T.7.1.2. If temperature limits are specified þr the
device, the range shall be at least 30 "C (54'F).

T.7.1.3. Temperature Effect on Zero-Load
Balance. - The zero-load indicator shall not vary by
more than I division per 5 "C (9 'F) change in
temperature.

T.7.1.4. Operating Temperature. - An indicating or
recording element shall not display or record any
usable values until the operating temperature
necessary for accurate weighing and a stable
zero-balance condition has been attained.

fNonretroactive as of January l, 1986.]

T.7.2. Barometric Pressure. - The zero indication shall
not vary by more than one scale division for a change in
barometic pressure of I kPa over the total barometric
range of 95 kPa to 105 kPa (28 in to 31 in of mercury).

fNonretroactive as of January 1, 1986.]

T.7.3. Etectric Power Supply.

T.7.3.1. Power Supply, Voltage and Frequency

(a) Weighing devices that operate using alternating
current must perform within the conditions
defured in paragraphs T.2. through T.7. inclusive
over the line voltage range of 100 V to 130 V or
200 V to 250 V rms as appropriate and over the
frequency range of 59.5H2 to 60.5 Hz;

(b) Battery-operated instruments shall not indicate
nor record values outside the applicable
tolerance limits when battery power ouþut is
excessive or deficient.

T.7.3.2. Power Interruption. - A power intemrption
shall not cause an indicating or recording element to
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display or record any values outside the applicable
tolerance limits.

[Nonretroactive as of January 1, 1986.]

(Added 1985)

UR. User Requirements

UR.l. Selection Requirements.

UR.LJ, For Systems used to llteígh Graín, - The

number of scale divisions of a weighing system shall not

beless than 2 000 nor greater than I0 000 divisions.

[Nonretroactive and enþrceable as of Januøry I, 1984.]
(Amended 1986 and 1992)

II.RI.2, For Systems used to ll/eígh Commodítìes other

thøn Graín, - The number of scale divisions shall not be

less than 500 nor greater than I0 000.

[Nonretroactive as of January I, 1987.J

(Added 1986)

IJR.2. Installation Requirements.

- Un.Z.f . Protection From Environmental Factors. -
The indicating elements, the lever system or load cells,

the load-receiving element, and any permanently

installed test weights shall be adequately protected from
environmental factors such as wind, weather, and RFI
that may adversely affect the operation or performance

of the system.

IJR.2.2. Foundation, Supports, and Clearance. - The

-foundation and supports ofany system shall be such as to
provide strength, rigidity, and permanence of all
components, and clearance shall be provided around all
live parts so that no contact can result before or during

operation of the system.

UR.3. Loading Requirements.

UR.3.1. X'or Systems Used to Weigh Grain. - A
system shall not be used to weigh drafts less than

40 percent of the weighing capacrty of the system except

for a fînal partial draft. Loads shall not normally be

retained on the weighing element for a period longer

than a normal weighing cycle.
(Amended 1986)

UR.3.2. For Systems Used to lleigh Commodìties

Other than Grøin. - A system shall not be used to weigh

drafts less than 20 percent ofthe weighing capacity of
the system exceptfor aJïnal partial draft. Loads shall

2.22. Automatic Bulk Weighing Systems

not normally be retained on the weighíng elementfor a

period longer than a normal weighing cycle.

[Nonretroactive as of January ], 1987.J

(Added 1986)

uR.4. System Modifïcation. - The weighing system shall

not be modified except when the modification has been

approved by a competent engineering authority, preferably

that of the engineering departrnent of the manufacturer of
the scale, and the official with statutory authority having
jurisdiction over the scale.

(Amended 1991)
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2.23. Weights

A. Application

A..1. This code applies to commercial weights; that is,

weights used in connection with commercial weighing

devices.

4.2. This code does not apply to test weights or to other

"standards" of mass.

4.3. See also General Code requirements.

S. Specifications

S.1. Material. - The material used for weights shall be as

follows:

(a) Weights of 6 g or 100 gr and larger shall be made of
a metal, or a metal alloy, not softer than brass.

(b) Weights of less than 6 g or 100 gr may be made of
aluminum, but shall not be made of iron or of
unplated steel, except stainless steel.

S.2. Design.

S.2.1. Surface. - The surface of a weight shall be

smooth and shall not be coated with thick, soft, or brittle
material. A weight of more than2 g or 30 gr or shall not

- '..have sharp edges, points, or corners.

S.2.2. Ring. - A .ing on a weight shall not be split or

removable.

S.3. Adjusting Material. - Adjusting material shall be

securely positioned and shall not project beyond the surface

of the weight.

S.4. Marking Requirements.

S.4.1. General. - A weight shall be marked to show

clearly its nominal value, which shall include

identifrcation of the unit however, the nominal value of
a weight of 30 gr or 2 g, or less, may be designated by
dots, lines, figures, distinctive shape, or other appropriate

means.

S.4.2. Apothecaries'Weights. - On apothecaries' dram,

ounce, and pound weights, the letters "ap" shall be used

in combination with the nominal value and the

appropriate abbreviation of or symbol for the unit.

S.4.3. Troy Weights. - On troy ounce and pound

weights, the letter "t" shall be used in combination with
the nominal value and the appropriate symbol of the unit.

S.4.4. Metríc Weights. - On metric weights, the

symbols "kg," "g," and "mg" shall be used in
combination with the nominal value of kilograms, grams,

and milligrams, respectively.

S.4.5. Carat Weights. - On carat weights, the letter "c"
shall be used in combination with the nominal value.

5.4.6. Counterpoise Weight. - A counterpoise weight
shall be marked to show clearly both its nominal value

and the value it represents when used on the multþlying-
lever scale for which it is intended.

N. Notes

N.1. Testing Procedures. - Commercial weights shouldbe
tested on a precision balance using standard weights, the

errors of which, when used without correction, do uot
exceed 1/3 of the smallest tolerance to be applied. (See

Appendix A; Fundamental Considerations paragraphs 3.2.

and 3.3.)

T. Tolerances

T.1. In Excess and in Deficiency. - The tolerances

hereinafter prescribed shall be applied equally to errors in
excess and errors in deficiency.

T.2. On Avoirdupois Weights. - The maintenance

tolerances shall be as shown in Table l. Acceptance

tolerances shall be one-half the maintenance tolerances.

T.3. On Metric Weights. - The maintenance tolerances

shall be as shown in Table 2. Ãcceptance tolerances shall

be one-half the maintenance tolerances.

Sec. 2.23. Weights
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2.23. V/eights

T.4. On Carat Weights. - The maintenance tolerances
shall be as shown in Table 2. Acceptance tolerances shall
be one-half the maintenance tolerances.

T.5. On Apothecaries' and Troy Weights. - The
maintenance tolerances shall be as shown in Table 3.

Acceptance tolerances shall be one-half the maintenance
tolerances.

Table 1.

Maintenance Tolerance for Avoirdupois Weights

Maintenance Tolerance

Nominal
Value

Equal-Arm
Weights

Counterpoise Weights

For scales with multiples of
less than 1000

For scales with multiples of 1000

or over

oz grams mg gralns I mg grarns mg

1/64

U32

l/16

U8

u4

112

0.1

0.3

0.4

0.5

1.0

1.5

6

t9
26

32

65

97 1.0 65

I
2

3

4

J

1.7

2.0

2.0

3.0

3.5

110

130

130

190

230

1.0

1.0

1.5

1.5

1.5

65

65

97

9',¡

97

1.0

1.0

65

65

6

8

l0
12

3.5

4.0

4.0

5.0

230

260

260

320

1.5

2.0

2.5

2.5

97

130

160

160

1.5

2.0

2.0

97

130

130

lb grains mg grains | *g grains mg

I
2

J

4

5

5.0

7.0

9.0

l t.0
t5

320

450

580

7r0
970

3.0

6.0

9.0

11.0

12.0

190

390

580

710

780

2.5

4.0

5.0

6.0

6.5

160

260

320

390

420

6 t7 1190
7 t9 1200

8 21 1400 15.0 910 9.0 580

9 23 1500

l0 25 1600 18.0 n60 10.0 650

l5
20

25

30

40

28

30

35

40

45

1800

1900

2300

2600

2900
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2.23. Weights

Table2.
Maintenance Tolerances for Metric Weiehts

Nominal
Value
(me)

Maintenance
Tolerance

(me)

Nominal Value
(e)

Mai¡tenance
Tolerance

(me)

5 or less

10

20
30
50

100

200
300
500

0.1

0.3

0.4
0,6
0.8
1.0

1.5

2.0
3.0

1

2

J

5

10

20
30
50

100

200
300
500

4
6

8

10

15

20
30
40
70

100

150

t75

Nominal
Value
(ke)

Maintenance
Tolerance

(me)

Nominal
Value

(carats)

Maintenance
Tolerance

(me)

I
2

J

5

10

20

250
400
500
800

1000
1500

0.25*
0.5**
1.0

2.0
3.0
5.0

10.0
20.0
30.0
50.0

100,0

x25 points or less
**50 points

0.6
1.0

1.5

2.0
3.0
4.0
6.0

10.0
12.0

15.0
25.0
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2.23. Weights

Table 3.

Maintenance Tolerances
For Apothecaries' and Troy Weights

Nominal
Value

Maintenance Tolerance
Nominal

Value
Maintenance Tolerance

grarns grarns mo oz grains mg

I
2

J

)
10

20

0.01

0.02
0.03
0.03
0.04
0.06

0.6
l.J

2.0
2.0
2.5

4.0

I

2

J

+
5

0.4
0.6
1.0

1,5

t.6

25.0
40.0
65.0

100.0

105.0

scruples grains mg oz grams mg

I
2

0.06
0.10

4.0
6.5

6

7

8

9

l0

1.8

1.9

2.0
2.1

2.2

115.0

125.0

130.0

135.0

145.0

dr grains mg oz grarns mg

0.5
1.0

2.0

3.0
4.0
5.0
6.0

0.07
0.10
0.20
0.30
0.40
0.50
0.60

4.5

6.5

13.0
20.0
25.0

30.0
40.0

11

t2
20

30
50

2.4
2.5
2.9

3.7
5.4

155.0

160.0

190.0

240.0

350.0

dwt grams mg oz grarns mg

- -.1

2

J

4

5

l0

0.06
0.10
0. 15

0.20
0.30

0.40

4.0
6.5

10.0
13.0

20.0
25.0

100

200
300
500
1000

7:7
12.3

t5.4
23.1

38.6

500.0
800.0
1000.0
1500.0
2500.0
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A. APPlication

4.1. - This code applies to devices used to weigh or fill
packages while the object is in motion'

This includes:

(a) Weigh-labelers

(b) Automatic checkweighers
(Amended 1997)

4.2. - This code does not aPPIY to:

(a) Beltconveyor Scale SYstems

(b) Railway Track Scales

(c) Monorail Scales

(d) Devices that measure quantity on a time basls

(e) Controllers or other auxiliary devices except as they

may affect the weighing performance

4.3. - Also see General Code requirements'

4.4. Type Evaluation. - The National Type Evaluation

Program will accept for type evaluation only those devices

that comply with all requirements of this code.

(Added 1998)

S. SPecifications

S.1. Design of Indicating and Recording Elements and

of Recorded RePresentations.

S.1.1. Zero Indication.

(a) A weigh-labeler shall be equipped with an indicating

or recording element. It shall either indicate or record a

2.24. Automatic Weighing SYstems

Section 2.24. Automatic Weighing Systems - Tentative Code

This tentative code has only a trial or experimental status and is not intended to be enforced by weights and

measures officiats. The requirements are designed for study prior to the development and adoption of a final

Code for Automatic Weighing Systems. The tentative code is intended to be used by the National Type

Evaluation program for type evaluation of automatic weighing systems. If upgraded to become a permanent

code, all requirementr, .*""pt those for tolerances, wilt be nonretroactive as of the effective date of the permanent

code; tolerance requirements wilt apply retroactively as of the effective date of the permanent code'

(Tentative Code Added 1995)(Amended 1998)

zero-balance condition and an out-of-balance condition

on both sides ofzero.

(b) An automatic checkweigher may be equipped with

an indicating or recording element.

(c) A zero-balance condition may be indicated by other

than a continuous digital zero indication, provided that

effective automatic means is provided to inhibit a

weighing operation or to return to a continuous digital

indication when the device is in an out-of-balance

condition.

S.1.1.1. Digital Indicating Elements.

(a) A digital zero indication shall represent a balance

condition that is within L Yz scale division.

(b) A digital indicating device shall either

automatically maintain a "center of zero" condition to

L t/a scale division or less, or have an auxiliary or

supplemental "center-of-zero" indicator that defines a

zero-balance condition to i tA scale division or less.

(c) Verifrcation of the accuiacy õr-trté ðèitêr ôf zero

indication to + t/¿ scale division or less during dynamic

operation is not required on automatic checkweighers.

S.1.2. Value of Division Units. - The value of a

division "d" expressed in a unit of weight shall be equal

to:

(a) 1,2, or 5;or

(b) a decimal multiple or submultiple of 1, 2, or 5;

S.1.2.1. Weight Units. - A device shall indicate

weight values using only a single unit of measure'
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2.24. Automatic Weighing Systems

Table S.1.3.
Categories of Device and Methods of Sealing

Categories of Device Method of Sealing

Category 1: No Remote configuration capability. Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
par¿rmeters.

Category 2: Remote configuration capability, but access
is controlled by physical hardware.

Device shall clearly indicate that it is in the remote
configuration mode and record such message if capable
of printing in this mode.

The hardware enabling access for remote communication
must be at the device and sealed using a physicat seal or
two event counters: one for calibration parameters and
one for configuration parameters.

Category 3: Remote configuration capability access may
be unlimited or controlled throush a software switch
(e.g., password).

An event logger is required in the device; it must include
an event counter (000 to 999), the parameter ID, the
date and time of the change, and the new value of the
parameter. A printed copy of the information must be
available through the device or through a¡other on-site
device. The event logger shall have a capacity to retain
records equal to ten times the number of sealable
parameters in the device, but not more than 1000
records are required. (Note: Does not require 1000
changes to be stored for each parameter.)

S.1.3. Provision for Sealing.

(a) Automatic Weighing Systems, Except Automatic
Checkweighers. - A device shall be designed with
provision(s) as specified in Table S. L3., "Categories of
Device and Methods of Sealing," for applying a security
seal that must be broken, or for using other approved
means ofproviding security (e.g.; data change audit trail
available at the time of inspection), before any change
that detrimentally affects the metrological integrity of the
device can be made to any electronic mechanism.

(b) For Automatic Checkweighers. - Security seals are
not required in f,reld applications where it would prohibit
an authorized user from having access to the calibration
funcfions of a device.

S.1.4. Automatic Calibration - A device may be fitted
with an automatic or a semi-automatic calibration
mechanism. This mechanism shall be incorporated
inside the device. After sealing, neither the mechanism
nor the calibration process shall facilitate fraud.

S.1.5. Adjustable Components. - Adjustable
conrponents shall be held securely in adjustment and,

except for a zero-load balance mechanism, shall be located
within the housing of the element.

S.2. Design oI Zero and Tare Mechanisms.

5.2.1, Zero Load Adjustment.

S.2.1.1. Äutomatic Zero-Setting Mechanism. -
Except for automatic checkweighers, under normal
operating conditions the maximum load that can be
"rezeroed," when either placed on or removed from
the platform all at once, shallbe 1.0 scale division.

5.2.1.2. Initial Zero-Setting Mechanism. - Except
for automafic checkweighers, an initial zero-setting
mechanism shall not zero a load in excess of
20 percent of the maximum capacity of the automatic
weighing system unless tests show that the scale meets
all applicable tolerances for any amount of initial load
compensated by this device within the specified range.

S.2.2. Tare. - On any automatic weighing system the
value of the tare division shall be equal to the value of
the division. The tare mechanism shall operate only in a
backward direction (i."., in a direction of
underregistration) with respect to the zero-load balance
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condition of the automatic weighing system. A device

designed to automatically clear any tare value shall also

be designed to prevent the automatic clearing of tare

until a complete transaction has been indicated.

Note: On a computing automatic weighing system, this

requires the input of a unit price, the display of the unit
price, and a computed positive total price at a readable

equilibrium. Other devices require a complete weighing

operation, including taÍe, net, and gross weight

determination.

S.3.1. Multiple Range and Multi-Interval Automatic
Weighing System. The value of "e" shall be equal to the

value of "d."

S.3.2. Load CelI Verification Interval Value. - The

relationship of the value for the load cell verification
scale interval, v.¡n, to the scale division "d" for a specific

scale installation shall be:

d
'*n = Jñ

where N is the number of load cells in the scale.

Note: When the value of the scale division "d" differs
from the verification scale division "e" for the scale, the

value of "e" must be used in the formula above.

S.3.3. - For automatic checkweighers, the value of "e"
shall be specified by the manufacturer and may be larger

than "d," but in no case can "e" be more than l0 times

the value of "d."

S.4. Weight Indicators, Weight Displays, Reports, and

Labels.

S.4.1. Weight Units. - An indicating or recording

element shall indicate weight values using only a single

unit of measure.

S.4.2. Additional Digits in Displays. - Auxiliary digital

displays that provide additional digits for use during

performance evaluation may be included on automatic

checkweighers. However, in cases where these

indications are not valid for determining the actual

weight of a package (e.g., only appropriate for use in
statistical process control programs by users) they shall

be clearly and distinctþ differentiated from valid weight

displays by indicating them to the user'

2.24. Automatic Weighing Systems

For example, the additional digits may be differentiated

by color, partially covered by placing crosshatch

overlays on the display, or made visible only after the

operator presses a button or turns a key to set the device

in a mode which enables the additional digits.

S.4.3. Damping. - An indicating element equipped with
other than automatic recording elements shall be

equipped with effective means to permit the recording of
weight values only when the indication is stable within
plus or minus one scale division. The values recorded

shall be within applicable tolerances.

S.4.4. Over Capacity Indication. - An indicating or

recording element shall not display nor record any values

when the scale capacity is exceeded by nine scale

divisions.

S.4.5. Label Printer. - A device that produces a printed

ticket to be used as the label for a package shall print all

values digitally and of such size, style of type, and color

as to be clear and conspicuous on the label.

5.4.5.1. Label Printing. - If an automatic

checkweigher prints a label containing weight

information that will be used in a commercial

tansaction, it must conform to all of the requirements

specified for weigh-labelers so that the printed ticket
meets appropriate requirements,

S.5. Accuracy Class.

S.5.1. Marking. - Weigh-labelers and automatic

checkweighers shall be Class III devices and shall be

marked accordingly; except that aweigh-labeler marked

Class IIIS may be used in package shipping applications'

(Amended 1997)

5.6. Parameters for Accuracy Classes. - The number of
divisions for device capacity is designated by the

manufacturer and shall comply with parameters shown in

Table 5.6.

S.7. Marking Requirements. [See also G-S.l., G-S.4.'

G-S.6., G-S.7., G-U.2.1.1., and {JR.3.3.1

S.?.1. Location Of Marking Information. - Automatic

weighing systems which are not permanently attached to

an indicating element, and for which the load-receiving

element is the only part of the weighing/load-receiving

element visible after installation, may have the marking

information required in G-S.1. of the General Code and

Table S.7.a. and S.7.b. of the Automatic Weighing
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Table 5-6
Parameters for Accuracv Classes

Number of
divisions (n)

Class Value of the verification division (d or e)

Minimum Maximum

SI Units

u
0.1 to 2s. inclusive 100 l0 000

equal to or greater than 5e 500 10 000

INCH-POUND Units

m 0.0002Ib to 0.005 lb. inclusive 100 10 000

0.005 oz to 0.125 oz. inclusive 100 10 000

equal to or greater than 0.01 lbs 500 10 000

equal to or sreater than 0.25 oz 500 10 000

IIIS greater than 0.01 lb 100 1000

greater than 0.25 oz 100 1000

For Class III devices, the value of "e" is specified by the manufacturer as marked on the device; "d" shall not
be smaller than 0. I ue.u ue' shall be differentiated from "d" by size, shape, or color.

2.24. Ãutomatic Weighing Systerrrs

(Amended 1997)

Systems Code located in an area that is accessible only
through the use of a tool; provided that the information
is easily accessible (e.g., the information may appear on
the junction box under an access plate). The
identification-information for these automatic weighing
systems shall be located on the weighbridge (load-
receiving element) near the point where the signal leaves
the weighing element or beneath the nearest access
cover.

S.7.2. Marking Required on Components of
Automatic Weighing Systems. - The following
conponents of automatic weighing systems shall be
marked as specified in Tables S.7.a. and S.7.b.:

(a) Main elements and components when not contained
in a single enclosure for the entire automatic weighing
system;

(b) Load cells for which Certifrcates of Conformance
(CC) have been issued under the National Type
Evaluation Program; and

(c) Other equipment necessary to a weighing system but
having no metoological effect on the weighing system.

N. Notes

N.1. Test Requirements for Automatic Weighing
Systems.

N.1.1. Test Pucks and Packages. -

(a) Test pucks and packages shall be:

(Ð representative of the type, size, and weight
ranges to be weighed on a device, and

(iÐ stable while in motion, hence the length and
width of a puck or package should be greater
than its height.

(b) For type evaluation the manufacturer shall supply
the test pucks or packages for each range of test
loads.
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(Amended 1997)

N.1.2. Accuracy of Test Pucks or Packages. - The

error in any test puck or package shall not exceed one-

fourth (1/4) ofthe acceptance tolerance. Ifpackages are

used to conduct field tests on automatic weighing

systems, the package weights shall be determined on a

reference scale or balance with an inaccuracy that does

not exceed one-fifth (1/5) of the smallest tolerance that

can be applied to the device under test.

N.1.3. Verifïcation (Testing) Standards. - Field

standard weights shall comply with requirements of
NIST Handbook 105-t (Class F) or the tolerances

expressed in Fundamental Considerations, paragraph 3.2.

(i.e., one-third of the smallest tolerance applied).

N.2. Test Requirements for Automatic Weighing
Systems.

N.2.1. Tests Loads. - A performance test shall consist of
four separate test runs conducted at different test loads

according to Table N.3.2.

N.2.2. Influence Factor Testing. - Influence factor
' testing shall be conducted statically.

N.3. Test Procedures - \Meigh-Labelers. - If the device is

designed for use in static weighing, it shall be tested

statically using mass standards.

Note: If the device is designed for only dynamic weighing,

it shall only be tested dynamically.

N.3.1. Laboratory - Static Tests.

N.3.1.1. Increasing-Load Test. - The increasing-load

test shall be conducted with the test loads

approximately centered on the load-receiving element

ofthe scale.

N.3.1.2. Decreasing-Load Test. - The

decreasing-load test shall be conducted with the test

loads approximately centered on the load- receiving

element of the scale.

N.3.1.3. Shift Test. - To determine the effect of off-
center loading, a test load equal to one-half ('/z)

maximum capacity shall be placed in the center of
each of the four points equidistant between the center

and front, left, back, and right edges of the load

receiver.

2.24. Attomatic Weighing SYstems

N.3.1.4. Discrimination Test. - A discrimination test

shall be conducted with the weighing device in
equilibrium at zero load and at maximum test load,

and under conholled conditions in which environ-

mental factors are reduced to the extent that they will
not affect the results obtained. This test is conducted

from just below the lower edge of the zone of
uncertainty for increasing load tests, or from just

above the upper edge of the zone of uncertainty for
decreasing-load tests.

N.3.1.5. Zero-Load Balance Change. - A zero-load

balance change test shall be conducted on all
automatic weighing systems after the removal of any

test load. The zero-load balance should not change by
more than the minimum tolerance applicable. (Also
see G-UR.4.2.)

N.3.1.6. Influence Factor Testing. - Influence factor

testing shall be conducted.

N.3.2. Laboratory - Dynamic Tests. - The device shall

be tested at the highest speed for each weight range using

standardized test pucks or packages. Test runs shall be

conducted using four test loads as described in Table

N.3.2. Each test load shall be run a minimum of 10

consecutive fimes.

Table N.3.2. Test Loads

At or near minimum capaciry

At or near maximum capacity

At two (2) critical points between
minimum and maximum capacity

Test may be conducted at other loads if the device

is intended for use at other specific capacities

N.3.2.1. Shift Test. - To determine the effect of
eccentic loading, for devices without a meÍIrrs to align

packages, a test load equal to One-third (1/3)

maximum capacity shall be passed over the load

receiver or tuansport belt (1) half-way between the

center and front edge, and (2) halfway between the

center and back edge.
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2.24, Automatic Weighing Systems

Note: See Table S.7.b. for applicable parentheticâl notes.

Table S.7.a. Markine Requirements
Weighing
Equipment

To Be
Marked With

Weighing,
load-receiving,

and

indicating
element in

same housing

Indicating
element not
permanently
attached to

weighing and

load-receiving
element

Weighing and
load-receiving

element not
permanently
attached to
indicating
element

Load
cell

with CC
(11)

Other
equipment or

device
(10)

Manufacfurer's
ID (1)

x x x x

Model
Desienation(1)

x x x X

Serial Number
and Prefix(2)

x x x x

Accuracy Class
(14)

x x (8) x x X

Nominal

Capacity(3X15)
X x X x

Value of
Division, d (3

x x x (13)

Value of "e" @ x x
ïemperature
Limits (5

x x x x

Special
Application (11

X x x

Maximum
Number of
Scale Divisions
rL-- 16l

x (8) x x

Minimum
Vêäñõátion
Division
(e-,-)

x

"Su or uM" 0' x
Direction of
Loadine (13

x

Minimum Dead
Load

x

Maximum
Capacity lMax)

X X

Minimum
Capacity (Min)

x

Safe Load Limit X

Load Cell
VerifTcation

[nterval fu

x
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2.24. Automatic Weighing Systems

I.

2.

Manufacturer's identification and model

designation. (See G-S.1.)

Serial number and prefix. (See G-S.1.)

The nominal capacity ald value of the automatic

weighing system division shall be shown together
(e.g., 50 000 x 5 kg, or 30 x 0.01 lb) adjacent to

the weight display when the nominal capacity and

value of the automatic weighing system division
are not immediately apparent. Each division
value or weight unit shall be marked on va¡iable-

division value or division-unit automatic

weighing systems.

Required only if different from "d. "

Required only on automatic weighing systems if
the range is other than -10 'C to 40 "C (14 "F to
104'F).

This value may be stated on load cells in units of
1000; (e.9., n: 10 is i0 000 divisions.)

Denotes compliance'for single or multiple load

cell applications.

9. Necessary to the weighing system but having no

metrological effect, €.9., auxiliary remote

display, keyboard, etc.

Table S.7.b.
Notes for Table S.7.a.

10. The markings may be either on the load cell or in

an âccompanying document; except that, if an

accompanying document is provided, the serial

number shall appear both on the load cell and in

the document. The manufacturer's name or
trademark, the model designation, and

identifying symbol for the serial number shall

also be marked both on the load cell and in any

accompanying document.

11. An automatic weighing system designed for a

special application rather than general use shall

be conspicuously marked with suitable words

visible to the operator and customer restricting

its use to that applicationj

12. Required if the direction of loading the load cell

is not obvious.

13. Serial number and prefix (See G-S.l) Modules

without "intelligence" on a modular system (e'g.,

printer, keyboard module, cash drawer, and

secondary display in a point-of-sale system) are

not required to have serial numbers.

14. The accuracy Class of a device shall be marked

on the device with the appropriate designation.

An indicating element not permanently attached

to a weighing element shall be clearly and 15. The nominal capacity shall be conspicuously

permanently ma¡ked with the accuracy Class III, marked on any automatic-indicating or recording

and the maximum iïùmbef óf diviSiofs, rù. - âutomatic-weighing system so constructed'that

the capacity of the indicating or recording

element, or elements, is not immediately

apparent.

/l

5.

6.

8.
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2.24. Automatic Weighing Systems

N.3.3. Field Test Procedures

N.3.3.1. Static Tests. - If the automatic weighing
system is designed to operate statically, and used in
that manner, during normal use operation, it shall be

tested statically using mass standards. The device shall
not be tested statically if it is used only dynamically.

N.3.3.2. Dynamic Tests. - The device shall be tested
at the normal operating speed using packages. Test
runs should be conducted using at least two test loads

distributed over its normal weighing range (e.g., at the
lowest and highest ranges in which the device is typically
operated.) Each test load should be run a minimum of l0
consecutive times.

N.4. Test Procedures - Automatic Checkweigher

N.4.1. Laboratory - Static Tests. - If the scale is
designed to oþerate statically during normal user
operation, it shall be tested statically using the applicable
weigh-labeler requirements.

N.4.2. Laboratory - Dynamic Tests. - The device shall
be tested at the highest speed in each weight range using
standardized test pucks or packages. Test runs shall be

conducted using four test loads. The number of
consecutive test weighments shall be as described in
Table N.4.2.

N.4.3. Field Test Procedures.

N.4.3.1. Static Tests. - If the scale is designed to
operate statically during normal user operation, it shall
be tested statically according to Sections N.3.1.1.
through N.3.1.5.

N.4.3.2. Dynamic Tests. - The device shall be tested

dynamically at the highest normal operating speed

using packages at two test loads distributed over its
normal weighing range. The number of consecutive
weighments shall be one-half (%) of those specified in
Table N.4.2., but not less than 10.

T. Tolerances
T.1. Principles.

T.1.1. Design. - The tolerance for a weighing device is

a performance requirement independent of the design
principle used.

T.1.2. Scale Division. - The tolerance for a weighing
device is related to the value ofthe scale division (d) or
the value of the verifrcation scale division (e) and is
generally expressed in terms of d or e. The random
tolerance for automatic checkweighers is expressed in
terms of Maximum Allowable Variance (MAV).

T.2. Tolerance Application.

T.2.1. General. - The tolerance values are positive (+)
and negative (-) with the weighing device adjusted to
zero at no load. When tare is in use, the tolerance values
are applied from the tare zero reference; the tolerance
values apply to certified test loads only.

T.2.2. Type Evaluation Examinations. - For type
evaluation examinations, the tolerance values apply to
increasing and decreasing load tests within the tempera-
ture, power supply, and barometric pressure limits
specified in T.7.

T.2.3. Multiple Range and Multi-Interval Automatic
Weighing System - For multiple range and multi-
interval devices. the tolerance values are based on the
value of the scale division of the ranse in use.

T.3. Tolerance Values.

T.3.1. Tolerance Values - Class III Weigh-Labeler.
(See T.3.2. for Class IIIS Weigh-Labelers)

T.3.1.1. Static Tests. - Tolerance values shall be as

specified in Table T.3., Class III - Tolerances in
Divisions.

Table N.4.2. Number of Sample Weights per Test
for Automatic Checkwei

20divisions < m < lOkg
20divisions <m<221b

l0 kg <m < 25kg
22lb <m < 55 lb

25 kg <m < 100 kg
55lb <m <2201b
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Table T.3. Class III - Tolerances in Divisions (d)

vfaintenance 2 J J

Acceptance 0.5 I 1.5 2.5

Class Test Load in Divisions

ru 0-500 501 - 2000 2001 - 4000 4001 +

T.3.1.2. Dynamic Tests. - Maintenance tolerance
values shall be as specified in Table T.3., Class III -
Tolerances in Divisions.

T.3.2. Tolerance Values - Class trIS Weigh-labelers
in Package Shipping Applications.
(Added 1997)

T.3.2.1. Static Tests - Tolerance values shall be as

specified in Table T.3.2.1. Static Tolerances for
Class IIIS Weigh-labelers.

T.3.2.2. Dynamic Tests - Tolerance values specified in
,Table T.3.2.2. Dynamic Tolerances for Class IIIS
Weigh-labelers shall be applied.

2.24. Automatic Weighing Systems

T.3.3. Tolerance Values - Automatic Checkweighers.

T.3.3.1. Laboratory Tests for Automatic
Checkweighers.

T.3.3.1.1. Static Tests. The acceptance tolerance
values specified in Table T.3., Class Ill-Tolerances in
Divisions, shall be applied.

T.3.3.1.2. Dynamic Tests.

(a) The systematic error for each test run must be
within the acceptance tolerances for the test load as

specified in Table N.3.2.

(b) The standard deviation of the results shall not
exceed one-ninth (1/9) of the Maximum Allowable
Variation (MAV) for specif,rc package weights (3
standard deviations caruiot exceed one-third (1/3) of
the MAV value) as required in the 4th supplement to
the 3rd Edition of Handbook 133 dated October 1994
as specified below. This value does not change
regardless of whether acceptance, or mâintenance
tolerances are being applied to the device under test,

(i) For U.S. Departrnent of Agriculture (USDA)
inspected meat and poultry products packaged at a
plant subject to inspection by the USDA Food
Safety and Inspection Service, use Table 2-9, U.S.
Deparfrnent of Agriculture, Meat and Poultry,
G¡oups and Lower Limits for Individual Packages,
or

(iÐ for all other packages with a labeled net
quantiry in terms of wêight üse Table 2-5,
Maximum Allowable Variations for Packases
Labeled by Weight.

(iü) For all packages with a labeled net quantity in
terms of liquid or dry volume use Table 2-6,
Maximum Allowable Variations for Packaees
Labeled by Liquid or Dry Volume.

T.3.3.2. Field Tests for Automatic
Checkweighers.

T.3.3.2.1. Static Test Tolerances. - The
tolerance values shall be as specified in Table
T.3., Class lll-Tolerances in Divisions.

Table T.3.2.1. Static Tolerance for Class IIIS
Weigh-labelers

Test Load in
Divisions

Tolerance in Divisions

Class IIIS Acceptance Maintenance

'0-50 + tl \ -

5l - 200 Él +2

201 - 1000 + 1.5 -l- ?

(Added 1997)

Table T.3.2.2. Dynamic Tolerance
for Class IIIS Weigh-labelers

Test Load in
Divisions

Tolerance in Divisions

Class IIIS Acceptance Maintenance

0-50 + 1.5 +7

5I - 200 +2 r3

201 - 1000 +2.5 +4
(Added 1997)
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2.24. Automatic Weighing Systems

T.3.3.2,2, Dynamic Test Tolerances. -

(a) The systematic error requirement is not

applied in a field test.

(b) The standard deviation of the test results

shall not exceed one-ninth (ll9) of the

Maximum Allowable Variation (MAV) for
specific package weights (3 standard deviations
cannot exceed one-third (1/3) of the MAV
value) as required in the 4th supplement to the

3rd Edition of NIST Handbook 133 dated

October 1994. This value does not change

regardless of whether acceptance or maintenance

tolerances are being applied to the device under
test.

(Ð For U.S. Department of Agriculture
(USDA) inspected meat and poultry products
packaged at a plant subject to inspection by
the USDA Food Safety and Inspection

Service, use Table 2-9, U.S. Departrnent of
Agriculture, Meat and Poultry, Groups and

Lower Limits for Individual Packages, or

(ii) for all other packages with a labeled net

quantily in terms of weight use Table 2-5,

Maximum Allowable Variations for Packages

Labeled by Weight.

(iiÐ For all packages with a labeled net

quantity in terms of liquid or dry volume use

Table 2-6. Maximum Allowable Variations
for Packages Labeled by Liquid or Dry
Vôlümè.

T.4. Agreement of Indications. - In the case of a weighing

system equipped with more than one indicating element or

indicating element and recording element combination, the

difference in the weight value indications of any load shall

not be greater than the absolute value of the applicable

tolerance for that load, and shall be within tolerance limits.

T.5. Repeatability. - The results obtained from several

weighings of the same load under reasonably static test

conditions shall agree within the absolute value of the

maintenance tolerance for that load, and shall be within
applicable tolerances.

T.6. Discrimination. - A test load equivalent to 1.4 d shall

cause a change in the indicated or recorded value of at least

2.0 d. This requires the zone of uncertainfy to be not greater

than 0.3 d lSee N.3.1.4.)

T.7. Influence tr'actors. - The following factors are

applicable to tests conducted under confrolled conditions

only.

T.7.1. Temperature. - Devices shall satisfy the

tolerance requirements under the following temperature

conditions:

T.7.1.1. - If not specif,red in the operating instructions

or if not marked on the device, the temperature limits

shall be: -10 "C to 40 "C (14 "F to 104 'F).

T,7 .1.2. - If temperature limits are specified for the

device, the range shall be at least 30 'C (54 "F).

T.7.1.3. Temperature Effect oll Zero-Load
Balance. - The zero-load indication shall not vary by

more than one division per 5 "C (9 "F) change in
temperafure.

T.7.1.4. Operating Temperature. - The indicating or

recording element shall not display nor record any

usable values until the operating temperature

necessary for accurate weighing and a stable zero

balance condition have been attained.

T.7.2. Barometric Pressure. - The zero indication shall

not vary by more than one division for a change in baro-

metric pressure of 1 kPa over the total barometric

pressure range of 95 kPa to 105 kPa (28 in to 31 in of
He).

T.7.3. Electric Power Supply. -

T.7.3.1. Power Supply, Voltâge ând Frêquency.

(a) Alternating Current. - Weighing devices that

operate using alternating current must perform within
the conditions defrned in paragraphs T.3. through T.7.,

inclusive, over the line voltage range of 100 V to
130 V or 200 V to 250 V rms as appropriate, and over

the frequency range of 59.5 Hzto 60.5 Hz.

(b) Battery. - Battery operated instruments shall not

indicate nor record values outside the applicable

tolerance limits when battery polver ouþut is

excessive or deficient.

T,7.3.2. Power Interruption. - A power intemrption
shall not cause an indicating or recording element to

display or record any values outside the applicable

tolerance limits.
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T.8. Radio Frequency Interference (RFI) and Other
Electromagnetic Interference Susceptibility. - The

difference between the weight indication with the

disturbance and the weight indication without the

disturbance shall not exceed one scale division (d) or the

equipment shall:

(a) blank the indication, or

(b) provide an error message, or

(c) the indication shall be so completely unstable that it
could not be interpreted, or transmítted into memory or to

a recording element, as a correct measurement value'

UR. User Requirements

UR.l. Selection Requirements' - Equipment shall be

suitable for the service in which it is used with respect to

elements of its design, including but not limited to, its
capacity, number of scale divisions, value of the scale

division or verification scale division, minimum capacity,

and computing capabilitY.

t1R.1.1. General. - Automatic Weighing Systems shall

be designated by the manufacturer for that service.

UR.1.2. Value of the Indicated and Recorded Scale

Division. - The value of the division as recorded shall be

the same as the division value indicated'

UR.2. Installation Requirements.

UR.2.1. Protection From Environmental Factors. -
- Tlre i¡dieating elements;.the lever system or load cells, -

and the load-receiving element of a permanently installed

scale, and the indicating elements of a scale not intended

to be permanentþ installed, shall be adequately protected

from environmental factors such as wind, weather, and

RFI that may adversely affect the operation or perform-

ance ofthe device.

t1R.2.2. Foundation, Supports, and Clearance. - The

foundation and supports of any scale installed in a fxed
location shall be such as to provide shength, rigidity, and

perrnanence of all components, and clearance shall be

provided around all live parts to the extent that no

contacts may result when the load-receiving element is

empty, nor throughout the weighing range of the scale.

IJR.2.3. Entry and Departure From Weighing Area' -

The belt or other conveyance that intoduces the weighed

load to the weighing zone and that carries the weighed

2.24. Automatic Weighing SYstems

load away from the weighing zone Shall be maintained

per the manufacturers recommendations.

UR.3. Use Requirements.

ItR.3.1. Minimum Load. - The minimum load shall be

as specified by the manufacturer, but not less than 20

divisions since the use of a device to weigh light loads is

likely to result in relatively large enors'

IIR.3.1.1. Minimum Load for Class IIIS \ileigh-
labelers. - The minimum load shall be as specif,ted

by the manufacturer, but not less than 10 divisions

since the use of a device to weigh light loads is likely
to result in relatively large errors.
(Added 1997)

UR.3.2. Maximum Load. - An automatic weighing

system shall not be used to weigh a load of more than the

maximum capacity of the automatic weighing system'

UR.3.3. Special Designs. - An automatic weighing

system designed and marked for a special application

shall not be used for other than its intended puqpose.

UR.3.4. Use of Manual Gross Weight Entries. -

Manual entries are permitted only when a device or

system is generating labels for standard weight packages.

UR.4. Maintenance Requirements.

I1R.4.1. Balance Condition. - If an automatic weighing

system is equipped with a zero-load display, the

zero-load adjustment of an automatic weighing system

shall be maintained so that' the'device indicates or

records a zero balance condition.

UR.4.2. Level Condition. - If an automatic weighing

system is equþed with a level-condition indicator, the

automatic weighing system shall be maintained in level.

LlR4.3. Automatic Weighing System Modification. -

The length or the width of the load-receiving element of
an automatic weighing system shall not be increased

beyond the manufactuer's design dimension, nor shall

the capacity of an automatic weighing system be

increased beyond its design capacity by replacing or

modifying the original primary indicating or recording

element with one of a higher capacity, except when the

modification has been approved by competent

engineering authority, preferably that of the engineering

department of the manufacturer of the automatic

weighing system, and by the weights and measures
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authority having jurisdiction over the automatic
weighing system.

D. Definitions

automatic checkweigher. - A dynamic automatic weighing
system used to subdivide items of different weights into one

or more subgroups, such as identifying packages that have
acceptable or unacceptable fill levels. These systems may
be used to fill standard packages for compliance with net
weight requirements.

automatic weighing system (AWS). - An automatic
weighing system is a weighing device that, in combination
with other hardware and/or software components,
automafically weighs discrete items. Examples include, but
are not limited to, weigh-labelers and checkweighers.

package rate. - PPM - Packages perminute.

random error(s). - The sample standard deviation of the
error (indicated values) for a number of consecutive
automatic weighings of a load, or loads, passed over the
load receptor, shall be expressed mathematically as:

, = ^l+ rE *l - (Ðx')2,

\n-r n

test puck. - Metal or plastic object used to simulate a

package. Puclcs can be made in a variety of dimensions and

have different weights to represent a wide range ofpackage
sizes. Metal versions may be covered with rubber cushions

to elimi¡ate the possibilrty of damage to weighing and

handling equipment. The puck mass is adjusted to specific
accuracy so that pucks can be used to conduct perfoÍnance
tests.

weigh-labeler. - An automatic weighing system that
determines the weight of a package and prints a label or
other document bearing a weight declaration for each

discrete item (usually a label also includes unit and total
price declarations). Typically, this type of weighi.ng system
determines the weight of packages dynamically, but may
also include a scale that is incorporated in a conveyor
system that weighs packages in a static weighing mode.
Weigh-labelers are sometimes used to weigh and label
standard and random packages (also called "Prepackaging
Scales").

where;
x : error of a load indication
n : thenumberof loads

systematic (average) error ( x ). - The mean value of

the error (of indication) for a number of consecutive
automatic weighings of a load, or loads, passed over the
load receiving element (e.g., weightable), shall be expressed

mathematically as:

where:
x : error ofa load indication
n = the number of loads

- It
n
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3.30. Liquid-Measuring Devices

(a) shall be equipped with a primary indicating
element, and

(b) may be equipped with a primary recording element.

S.1.2. Units. - A liquid-measuring device shall indicate,
and record if the device is equipped to record, its

deliveries in liters, gallons, quarts, pints, or binary-
submultiples or decimal subdivisions of the liter or
gallon.
(Amended 1987,1994)

S.1.2.1. Retail Motor-Fuel Devices. - Deliveries
shall be indicated and recorded, if the device is

equipped to record, in liters or gallons and decimal
subdivisions or fractional equivalents thereof.
(Added 1979)

5.1.2.2. Agri-Chemical Liquid Devices.

5.1.2.2.1. Liquid Measure. - Deliveries shall be

indicated and recorded in liters or gallons and

decimal subdivisions or fractional equivalents

thereof.

S.1.2.3. Value of Smallest Unit. - The value of the

smallest unit of indicated delivery, and recorded

delivery if the device is equipped to record, shall not
exceed the equivalent of:

(a) 0.5 L (l pt) on retail devices;

(b) 5 L (1 gal) on wholesale devices.

This requirement does not apply to manually operated

devices equipped with stops or stroke-limiting means.

(Amended 1983 and 1986)

S.1.3. Advancement of Indicating and Recording
Elements. - It shall not be possible to advance primary
indicating and recording elements except by the

mechanical operation of the device. Clearing a device by
advancing its elements to zero is permitted, but only if:

(a) once started, the advancement movement cannot be

stopped until zero is reached, and

Sec. 3.30. Liquid-Measuring Devices

A. Application

A.l. - This code applies to:

(a) devices used for the measurement of liquids, including
Iiquid fuels and lubricants, and

(b) wholesale devices used for the measurement and

delivery of agri-chemical liquids such as fertilizers,
feeds, herbicides, pesticides, insecticides, fungicides,
and defoliants.
(Added 1985)

A.2. - This code does not apply to:

(a) meters mounted on vehicle tanks (see Sec. 3.31. Code

for Vehicle-Tank Meters),

(b) devices used for dispensing liquef,red petroleum gases

(see Sec. 3.32. Code for Liquefied Petroleum Gas and

Anhydrous Ammonia Liquid-Measuring Devices),

(c) devices used for dispensing other liquids that do not
remain in a liquid state at atmospheric pressures and

temperatures,

(d) water meters

(e) devices use--d- solely for dispensing a product in
connection with operations in which the amount

dispensed does not affect customer charges, or

(Ð mass flow meters (see Sec. 3.37. Code for Mass Flow
Meters.)
(Added 199a)

4.3. - In addition to the requirements of this code, liquid-
measuring devices shall meet the requirements of
Section 1.10. General Code.

S. Specifications

S.1. Indicating and Recording Elements and Recorded
Representations.

S.1.1. General. - A liquid-measuring device:
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3.30. Liquid-Measuring Devices

.- ", (b) in the case of indicating elements only, such
elements are automatically obscured until the
elements reach the correct zero position.

S.1.4. Graduations.

5.1.4.1. Length. - Graduations shall be varied in
length so that they may be conveniently read.

S.1.4.2. Width. - In a series of graduations, the width
of;

(a) every graduation shall be at least 0.2 mm
(0.008 in) but not greater than the minimum
clear interval befween graduations, and

(b) main graduations shall be not more than 50
percent greater than the width of subordinate
graduations.

S.1.4.3. Clear Interval Between Graduations. -The
clear interval between graduations shall be not less
than 1.0 mm (0.04 in). lf the graduations are not
parallel, the measurement shall be made:

(a) along the line of movement of the tip of the
index of the indicator as it passes over the
graduations, or

(b) if the indicator extends over the entire length of
the graduations, at the point of widest separation
ofthe graduations.

S.1.5. Indicators.

S.1.5.1. Symmetry. - The portion of the index of an
indicator associated with the graduations shall be

symmetrical with respect to the graduations.

S.1.5.2. Length.

(a) If the indicator and the graduations are in
different planes, the index ofthe indicator shall
extend to each sraduation with which it is to be
used.

(b) If the indicator is in the same plane as the
graduations, the dístance between the index of
the indicator and the ends of the graduations,
measured along the line of the graduations, shall
be not more than 1.0 mm (0.04 in).

s.r.5.3. widrh.

(a) The index of an indicator shallnot be wider than
the width of the widest graduation.

(b) If the index of an indicator extends over the
entire length of a graduation, it shall be of
uniform width throughout the portion that
coincides with the sraduation.

5.1.5.4. Clearance. - If the indicator and the
graduations are in different planes, the clearance
between the index of an indicator and the plane of the
graduations shall be no greater than 1.5 mm (0.06 in).

5.1.5.5. Parallax. - Parallax effects shall be reduced
to the practical minimum.

S.1.6. Operating Requirements, Retail Devices
(Except Slow Flow Meters).

S.1.6.1. Indication of Delivery. - The device shall
automatically show on its face the initial zero
condition and the quantity delivered (up to the
nominal capacity).

However, the first 0.03 L (or 0.009 gal) of a delivery
and its associated total sales Þrice need not be
indicated.
(Amended 1982)

S.1.6.2. Provisions for Power Loss.

5.1.6.2.1. Transactiott Information. - In the event
of apower loss, the informationneededto complete
any transaction in progress at the time of the
power loss (such as the quantity and unit price, or
sales price) shøll be determinablefor at least 15
minutes at the dispenser or at the console if the
console is accessible to the customer.

[Nonretroactive as of Jønuary I, ]983.1

5.L6.2.2. User Informatiott. - The device memory
shall retain informøtion on the quantity of fuel
dispensed and the sales price totals during power
/oss.

[Nonretroactive as of January I, 1983.]

5.1.6.3. Return to Zero.

(a) The primary indicating elements, and primary
recording elements if the device is equipped to
record, shall be readily returnable to a definite
zero indication. However, a key-lock operated or
other self-operated device may be equipped with

a^
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cumulative indicating or recording elements,
provided that it is also equipped with a zero-
return indicating element.

(b) It shall not be possible to return primary
indicating elements, or primary recording
elements beyond the correct zero position.

(Amended 1972)

S.f.6.4. Display of Unit Price and Product
Identity.

S.1.6.4.1. Unit Price.

(a) A computing or money-operated device shall
be able to display on each face the unit price
at which the device is set to compute or to
dispense.

(b) lVhenever a grade, brand, blend, or mixture
is ffiredfor salefrom a device qt more than
one unit price, then all ofthe unit prices at
which that product is offeredfor sqle shøll be

displøyed or shøll be capable of being
displayed on the dispenser using controls
available to the customer prior to the delivery
ofthe product. It is not necessary that all of
theunitpricesfor all grades, brands, blends,
or mixtures be simultaneously displayed prior
to the delivery of the product. This subsection

shall not apply to fleet sales, other contract
søles, or truckrefueling sales (e.g., salesfrom
dispensers used to refuel trucl<s).

[Effective andnonretroactive qs ofJanuary I,
19e r.J

(Amended 1989 and 1997)

5.1.6.4.2. Product Identity.

(a) A device shall be able to conspicuously
display on each side the identity of the
product being dispensed.

(b) A device designed to dispense more than one
grade, brand, blend, or mixture of product
also shall be able to display on each side the

identity of the grade, brand, blend, or mixture
being dispensed.

S.1.6.5. Money-Value Computations.

(q) A computing device shall compute the total sales
price at any single-purchase unit price (i.e.,

excludingfleet sales, other price contrøct sales,

and truck stop dispensers used only to refuel

trucl<s) for which the product being measured is

offeredfor sale at any delivery possible within
either the measurement range of the device or
the range of the computing elements, whichever
is less.

[Effective and nonretroactive as ofJanuary I,
re91J.

(b) The anaìog sales price indicated for any

delivered quantity shall not differ from a

mathematically computed price (quantity x unit
price : total sales price) by an amount greater

than the value in Table I.
(Amended 1984,1989, and 1993)

S.1.6.5.1. Money-Value Divisions, Analog. - The

values of the graduated intervals representing
money values on a computing type device shall be

no greater than those in Table l.
(Amended 1991)

S.1.6.5.2. Money-Value Divisions, Digital. - A
computing type device with digital indications shall
comply with the requirements of paragraph G.S.5.5.

Money Values, Mathematical Agreement, and the

total price computation shall be based on quantities

not exceeding 0.05 L for devices indicating in
metric units and 0.01-gal. intervals for devices
indicating in inch-pound units.
(Added 1980)

5.1.6.5.3. Auxilìøry Elements. - If a system is

equipped with auxiliary indications, all indicated
money value divisions of the auxiliary element shall
be identical with those of the primary element.

[N onr etr oactiv e and - enfor ceabl e as of January 1,

r 985.J

5.1.6.5.4. Selectiott of Unil Price. - Except for
dispensers used exclusively þr fleet sales, other
price contract sales, andtruckrefueling (e.g., truck
stop dispensers used only to refuel trucl<s), when ø

product or grøde is offered for sale at more than
one unit price through a computing device, the

selection of the unit price shqll be made prior to
delivery using controls on the device or other
customer-activated controls. A system shall not
permit a change to the unit price during delivery of
product.

[Effective and nonretroactive as of January I,
r99r.J
(Added 1989)(Amended 1991, 1992, 7993, and
rge6)
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Table 1.

Money-Value Divisions and
Maximum Allowable Variations for Money-Value
Computations on Mechanical Analos Comouters

Unit Price
Money Value

Division

Maximum
Allowable Variation

From To and including
Design

Test
Field
Test

0
0.25/liter or

$1.Q01e¡llo¡
1ç +1Ç +lÇ

O.2illiter or

.$-t.Q91s-4ier

0.75lliter or

$1.0_Q/_egllo!
LÇ or 2Ç +1Ç +2ç

0.75lliter or

$!.9Q1s-q4el

2.S0/liter or

$lQ.Q01egllon
IÇ or 2Q +1ç +2ç

0.75lliter or
$3.OOieallon

2.50/liter or
$I0.O0/eallon

5Ç + 2 L/2ç +5Ç

3.30. Liquid-Measuring Devices

5.1.6.5.5. Display of Quantity ønd Total Price. -
llhen a delivery is completed, the totøl price and
quantity for that transaction shall be displayed on
the face of .the dispenser for at least 5 minutes or
until the next transqction is initiated by using
controls on the device or other customer-activated
controls.

[Effective and nonretroactive as of January I,
1994.J
(Added 1992)(Amended 1996)

.._ ..i.......-

S.f .6.6. Agreement Between Indications. - When a
quantity value indicated or recorded by an auxiliary
element is a derived or computed, value based on data
received from a retail motor fuel dispenser, the value
rnay differ from the quantity value displayed on the
dispenser, provided the following conditions are met:

(a) all total money values for an individual sale that
are indicated or recorded by the system agree;
and

(b) within each element, the values indicated or
recorded meet theformula (quantity x unit price
: total sales price) to the closest cent.

[Nonretroactive as ofJanuary I, 1988.J
(Added 1985)(Amended 1987 and 1988)

5.1.6.7. Recorded RepresenÍalions. - Except for fleet
sales and other price contract sales, a printed receipt

providing the following inþrmation shall be avqilable
through a built-in or separate recording elementfor all
transactions conducted with point-of-sale systems or
devices activated by debit cards, credit cqrds, and/or
cash:

(a) the total volume of the delivery,

(b) the unit price,

(c) the total computed price, ønd

(d) the product identity by name, symbol, abbreviation,
or code number.

[Nonretroactive as ofJanntary I, 1986.]
(Added 1985) (Amended 1997)

S.1.6.8. Lubricant Devices, Travel of Indicator. -
The indicator shall move at least 2.5 cm (l in) in
relation to the graduations, ifprovided, for a delivery
of 0.5 L (l pt).

S.1.7. Operating Requirements, Wholesale Devices
Only.

S.1.7.1. Travel of Indicator. - A wholesale device
shall be readily operable to deliver accurately any
quantity from 200 L (50 gal) to the capacity of the
device. If the most sensitive element of the indicating
system utilizes an indicator and graduations, the
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3.30. Liquid-Measuring Devices

relative movement of these parts corresponding to a When applicable, the adjusting mechanism shall be

delivery of 4 L (l gal) shall be not less than 5 mm readily accessible for purposes of affxing a securþ seal.

(0.20 in).
(Amended 1987) (c) Audit trails shall use the format set forth in Table

5.2.2. fNonretroactive and enforceable as of
5.1.7.2. MoneyValues-MathematicalAgreement. - January 1, 1995.1

Any digital money-value indication and any recorded (Amended 1991,1993, and 1995)

money value on a computing-type device shall be in
mathematical agreement with its associated quantity S.2.3. Directional Flow Valves. - Valves intended to
indication or representation to within one cent of prevent reversal of flow shall be automatic in operation.

money value.
S.2.4. Stop Mechanism.

S.2. Measuring Elements.
5.2.4.1. Indication. - The delivery for which the

S.2.1. Vapor Elimination. device is set shall be conspicuously indicated.
(Amended 1983)

(a) A liquid-measuring device shall be equipped with
a vapor or air eliminator or other automatic means 5.2.4.2. Stroke Limiting Elements. - Stops or other
to prevent the passage of vapor and air through the stroke limiting elements subject to direct pressure or
meter. impact shall be:

(b) Vent lines from the air or vapor eliminator shall be (a) made secure by positive, nonfrictional engage-
made of metal tubing or other rigid material. ment of these elements; and

(Amended 1975)
(b) adjustable to provide for deliveries within

5.2.1.1. Vapor Elimination on Loading Rack tolerances.: Metering Systems. (Amended 1983)

(a) A loading rack metering system shall be 5.2.4.3. Setting. - If two or more stops or other
equipped with a vapor or air eliminator or elements may be selectively brought into operation to
other automatic means to prevent the permitpredeterminedquantitiesofdeliveries,
passage of vapor and ai¡ through the meter
unless the system is designed or (a) the position for the proper setting ofeach such

operationally controlled by a method, element shall be accurately defined; and

approved by the weights and measures
jurisdiction having control over the device, (b) any inadvertent displacement from-the-proper
such that air and/or vapor cannot enterthe setting shall be obstructed.
system. (Amended 1983)

(b) Vent lines from the air or vapor eliminator S.2.5. Zero'Set-Back Interlock, Retail Motor-Fuel
(if present) shall be made of metal tubing Devices. - A device shall be constructed so that:
or other rigid material.

(Added l99a) (a) after a delivery cycle has been completed by
moving the starting lever to any position that shuts

S.2.2. Provision for Sealing. - Adequate provision shall off the device, an automatic interlock prevents a

be made for an approved means of security (e.g., data subsequent delivery until the indicating
change audit trail) or physically applying security seals in elements,and recording elements if the device is

such a manner that no adjustment may be made of: equipped and activated to record, have been

returned to their zero positions;
(a) any measurement element, or

(b) any adjustable element for controlling delivery rate

when such rate tends to affect the accuracy of
deliveries.
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3.30. Liquid-Measuring Devices

Table 5.2.2. Catesor¡es of Device and Methods of Sealins

Catepories of Device Method of Sealinp

Category l: No remote configuration
capabilin.

Seal by physical seal or two event counters: one for calibration
Darameters and one for confrpuration Darameters.

Category 2: Remote configuration capability,
but access is controlled by physical hardware.

Device shall clearly indicate that it is in the
remote configuration mode and record such
message if capable of printing in this mode.

Category 2 applies to such devices
manufactured prior to January I, 2005.
Devices with remote configurøtion cøpability
manufactured after that date must meet the
sealing requirements outlined in Category 3.

D ev ic es w it ho ut r emo t e c o nfi gur a tion c ap ab ility
manufactured after that date will be required to
meet the minimum criteria outlined in
Category L

[The hardware enabling access for remote communication must
be on-site. The hardware must be sealed using a physical seal
or an event counterfor calibration parameters and an event

count e r fo r confi guration paramet ers. The ev ent counters may

be located either at the individual measurìng device or at the

system controller; however, an adequate number of counters
must be provided to monitor the calibration and configuration
parameters of the individual devices at a locatíon. IÍ the
counters are located in the system controller rather than at the
indivídunl device, means must be provided to generate a hard
copy of the informatíon through an on-site device.l*
[*Nonretroactive as ofJanuary 1, 1996]

Category 3: Remote configuration capability
access may be unlimited or controlled through
a sofliuare switch (e.g., password) .

Category 3 will be modified in 2005 to apply to
all devices with remote configuration
capøbility.

An event logger is required in the device; it musÍ include an
event counter (000 to 999), the pørameter ID, the date and time
of the change, and the new value of the parameter. A printed
copy of the information must be available through the device or
through another on-site device. The event logger shall have a
capaciry tu retain records equal to ten times the number of
sealable parameters in the device, but not more than 1000
records are required. (Note: Does not require 1000 changes to
be stored for each parameter.)

Editorial Note: Following the JuIy 1998 Annual Meeting of the NCWM, questions arose concerning the intended
application of the changes to Category 2 and 3 relative to the elimination of Category 2. The NCWM will revisit
this issue in 1999 to clarify the lansunse.

[Nonretroactive and enforceable as of January I, 1995.] (Table Added 1993) (Amenäed 1995 and 1998)

being delivered until the indicating elements on that
(b) the discharge nozzle cannot be returned to its designed dispenser are in a correct zero position.

hanging position (that is, any position where the tip of (Amended 1981 and 1985)
the nozzle is placed in its designed receptacle and the
lock can be inserted) until the starting lever is in its 5.2.6. Temperøture Delerminstìon and llholesøle
designed shut-off position and the zero-set-back Devices. - For test purposes, means shall be provided to
interlock has been engaged; and determine the temperature of the liquid either:

(a) in the liquid chamber of the meter, or
(c) in a system with more than one dispenser supplied

by a single pump, an effective automatic control (b) immediately adjacent to the meter in the meter inlet
valve in each dispenser prevents product from or discharge line.

[Nonretroactive as of January 1, 1985.]
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(Added 1984)(Amended 1986)

S.2.7. Wholesale Devices Equipped with Automatic
Tem perature ComPensators.

5.2.7.1. Automatic Temperature Compensation' -

A device may be equipped with an automatic means

for adjusting the indication and registration of the

measured volume of product to the volume at 15 'C
(60 "F).

5.2.7.2. Provision for Deactivating. - On a device

equipped with an automatic temperature-compensating

mechanism that will indicate or record only in terms

of gallons compensated to l5 "C (60 'F), provision

shall be made for deactivating the automatic tempera-

ture-compensating mechanism so that the meter can

indicate, and record if it is equipped to record, in

terms of the uncompensated volume.
(Amended 1972)

5.2.7.3. Provision for Sealing Automatic Tem-

perature Compensating Systems. - Provision shall

be made for applying security seals in such a manner

that an automatic temperature-compensating system
. cannot be disconnected and that no adjustrnent may be

made to the system without breaking the seal'

5.2.7.4. Temperature Determination with Au-
tomatic Temperature Compensation. - For test

purposes, means shall be provided (e.g., thermometer

well) to determine the temperature of the liquid either:

(a) in the liquid chamber of the meter, or

(b) immediately adjacent to the meter in the meter

inlet or discharge line.
(Amended 1987)

S.2.8. Exhaustion of Supply, Lubricant Devices Oth-
er than Meter Types. - When the level of the supply of
lubricant becomes so low as to compromise the accuracy

of measurement, the device shall:

(a) become inoperable automatically, or

(b) give a conspicuous and distinct warning.

S.3. Discharge Lines and Valves.

S.3.1. Diversion of Measured Liquid. - No means

shall be provided by which any measured liquid can be

diverted from the measuring chamber of the meter or its

discharge line. Two or more delivery outlets may be

3.30. Liquid-Measuring Devices

installed only if autornatic means are provided to ensure

that:

(a) liquid can flow from only one outlet at a time, and

(b) the direction of flow for which the mechanism

may be set at any time is clearly and conspicuously

indicated.

A manually controlled outlet that may be opened for

purging or draining the measuring system or for

recirculating product in suspension shall be permitted

only when the system is measuring food products or

agri-chemicals. Effective means shall be provided to

prevent passage of liquid ttrough any such outlet during

normal operation of the measuring system and to inhibit

meter indications (or advancement of indications) and

recorded representations while the outlet is in operation.

(Amended 1991,1995, and 1996)

S.3.2. Exceptions. - The provisions of S.3'1. Diversion

Prohibited shall not apPlY to:

(a) truck refueling devices when diversion of flow to

other than the receiving vehicle cannot readily be

accomplished and is readily apparent- Allowable

detenents include, but are not limited to, physical

baniers to adjacent driveways, visible valves, or

lighting systems that indicate which outlets are in

operation, and exPlanatory signs;

(b) other devices, when all discharge outlets designed

to operate simultaneously are 3.8 cm (1.5 in) in
diameter or larger.

(Amended 1982,1990, and 199-l)

S.3.3. Pump-Discharge Unit. - A pump-discharge unit

equipped with a flexible discharge hose shall be of the

wet-hose type.

S.3.4. Gravity-Discharge Unit. - On a gravity-dis-

charge unit:

(a) the dischæge hose or equivalent pipe shall be of the

dry-hose type with no shutoff valve at its outlet end

unless the hose or pipe drains to the same level

under all conditions ofuse;

(b) the dry hose shall be suffîciently stiffand only as

long as necessary to facilitate drainage;

(c) an automatic vacuum breaker, or equivalent

mechanism, shall be incorporated to prevent
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3.30. Liquid-Measuring Devices

siphoning and to ensure rapid and eomplete drain-
age; and

(d) the inlet end of the hose or outlet pipe shall be high
enough to ensure complete drainage.

S.3.5. Discharge Hose, Reinforcement. - A discharge
hose shall be reinforced so that the performance of the
device is not affected by the expansion or contraction of
the hose.

5.3.6. Discharge Valve. - A discharge valve may be

installed in the discharge line only if the device is of the
wet-hose type. Any other shutoff valve on the discharge
side of the meter shall be of the automatic or semi-
automatic predetermined-stop type or shall be operable
only:

(a) by means of a tool (but not a pin) entirely separate

from the device. or

(b) by mutilation of a security seal with which the
valve is sealed open.

S.3.7. Antidrain Means. - In a wet-hose pressure-
type device, means shall be incorporated to prevent
the drainage ofthe discharge hose.
(Amended 1990)

S.4. Marking Requirements.

S.4.1. Limitation on Use. - The limitations on its use

shall be clearly and permanently marked on any device
intended to measure accurately only:

(a) products having particular properties; or

(b) under specific installation or operating conditions;
or

(c) when used in conjunction with specific accessory
equipment.

5.4.2. Air Pressure. - If a device is operated by air
pressure, the air pressure gauge shall show by special
graduations or other means the maximum and minimum
working pressures recommended by the manufacturer.

S.4.3. Wholesale Devices.

5.4.3.1. Discharge Rates. - A wholesale device shall
be marked to show its designed maximum and

minimum discharge rates. However, the minimum
discharge rate shall not exceed 20 percent of the maxi-
mum discharge rate.

5.4.3.2. Temperature Compensation. - If a device
is equipped with an automatic temperature compen-

sator, the primary indicating elements, recording
elements, and recorded representation shall be clearly
and conspicuously marked to show that the volume
delivered has been adiusted to the volume at 15 'C
(60 "F).

5.4.4. Retøìl Devìces. - On a retail device with q de-

signed mØcimum discharge rate of 100 L (25 gal) per
minute or greater, the ma,rimum and minìmum
discharge rates shall be marked on an exterior surface
of the device and shall be visible after installation. The

minimum discharge rate shall not exceed 20 percent of
the møcimum discharge rate.

[Nonretroactive as ofJanuary I, i/985.]
(Added 1984)

5.5. Totalizersfor Retail Motor-Fuel Dispensers. - Retail
motor-fuel dispensers shqll be equipped with a
nonresettable totalizer for the quantity delivered through
the metering device. [Nonretroactive as of January I,
r99s.J
(Added 1993; Amended 1994)

N. Notes

N.l. Test Liquid.

N.1.1. Type of Liquid. - The liquid used for testing a
liquid-measuring device shall be the type the device is
used to measure, or another liquid with the same general

physical characteristics.

N.1.2. Labeling. - Following the completion of a

successful examination of a wholesale device, the
weights and measures official should attach a label or tag
indicating the type of liquid used during the test.

N.2. Volume Change. - Care shall be taken to minimize
changes in volume of the test liquid due to temperature
changes and evaporation losses.

N.3. Test Drafts.

N.3.1. Retail Piston-Type and Visible-Type Devices. -
Test drafts shall include the full capacþ delivery and
each intermediate delivery for which the device is
designed.

N.3.2. Slow Flow Meters. - Test drafu shall be equal to
at least four times the minimum volume that can be

measured and indicated through either a visible
indication or an audible sienal.
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N.3.3. Lubricant Devic99. - Teqt drafts shall be I L
(1 qÐ.Additional test drafts may include 0.5 L (l pr),4L
(4 qt), and 6 L (6 qt).

N.3.4. Other Retail Devices. - On devices with a

designed maximum discharge rate of:

(a) less than S0 L (20 gal) per minute, tests shall

include drafts of one or more amounts, including a

draft ofat least l9 L (5 gal).

(b) S0 L (20 gal) per minute or greater, tests shall

include drafts of one or more amounts, including a

draft ofat least the amount delivered by the device

in one minute at the maximum flow rate of the

installation.
(Amended 1984)

N.3.5. \{holesale Devices. - The delivered quantity

should be equal to at least the amount delivered by

the device i¡ one minute at its maximum discharge

rate, a¡rd shall in no case be less than 200 L (50 gal).

(Amended 1987 and 1996)

N.4, Testing Procedures.

' N.4.1. Normal Tests. - The "normal" test of a device

shall be made at the maximum discharge flow rate

developed under the conditions of installation. Any
additional tests conducted at flow rates down to and

including one-half of the sum of the maximum discharge

flow rate and the rated minimum discharge flow rate

shall be considered normal tests.

(Amended 1991)

- 
N.4.1.1. Wholesale Devices Equipped with Auto-
matic Temperature-Compensating Systems. - On

wholesale devices equipped with automatic tem-

perature compensating systems, normal tests shall be

conducted;

(a) by comparing the compensated volume indicated

or recorded to the actual delivered volume

conected to l5 "C (60 "F); and

(b) with the temperature compensating system

deactivated, comparing the uncompensated

volume indicated or recorded to the actual

delivered volume.

The first test shall be performed with the automatic

temperature-compensating system operating in the "as

found" condition.

3.30. Liquid-Measuring Devices

On devices that indicate or record both the com-

pensáted and uncompensated volume for èach

delivery, the tests in (a) and (b) may be performed as

a single test.
(Amended 1987)

N.4.2. Special Tests. - "Special" tests, to develop the

operating characteristics of a liquid-measuring device

and any special elements and accessories attached to or

associated with the device, shall be made as

circumstances require. Any test except as set forth in
N.4.1. shall be considered a special test.

N.4.2.1, Slow-Flow Meters' - A "special" test shall

be made at a flow rate:

(a) not larger than twice the actual minimum flow
rate, and

(b) not smaller than the actual minimum flow rate of
the installation.

N.4.2.2. Retail Motor-Fuel Devices.

(a) Devices with a flow-rate capacity less than

100 L (25 gal) per minute shall have a "special"
test performed at the slower of the following
rates:

(1) 19 L (5 gal) Per minute, or

(2) the minimum discharge rate marked on the

device, or

(3) the minimum discharge rate at which the

device will deliver when eqqip,pe{ with an

automatic discharge nozzle set at its
slowest setting.

(b) Devices marked with a flow-rate capacity 100 L
(25 gal) or more per minute, shall have a

"special" test performed at the slowest of the

following rates:

(l) the minimum discharge rate marked on the

device, or

(2) the minimum discharge raÍe at which the

device will deliver when equipped with an

automatic discharge nozzle set at its slowest

setting.
(Added 1984)
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N.4.2.3. Othe-r Retail Devices. - "Special" tests of
other retail devices shall be made at the slower of the
following rates:

(a) 50 percent of the maximum discharge rate
developed under the conditions of installation, or

(b) the minimum discharge rate marked on the
device.

N.4.2.4. Wholesale Devices. - "Special" tests shall be
made to develop the operating characteristics of a
measuring system and any special associated or
attached elements and accessories. "Special" tests
shall include a test at the slower of the following rates:

(a) 20 percent of the marked maximum discharge
rate; or

(b) the minimum discharge rate marked on the
device.

N.4.3. Money-Value Computation Tests.

N.4.3.1. Laboratory Tests. - When testing the device
in the laboratory:

(a) compliance with paragraph S.1.6.5., Money-
Value Computations, shall be determined by
using the cone gear as a reference for the total
quantity delivered;

(b) the indicated quantity shall agree with the cone
gear representation with the index of the
indicator within the width of the graduation; and

(c) the maximum allowable variation of the
indicated sales price shall be as shown in
Table 1.

(Amended 1984)

N.4.3.2. Field Tests. - In the conduct of field tests to
determine compliance with paragraph S.1.6.5., the
maximum allowable variation in the indicated sales
price shall be as shown in Table l.
(Added 1982; Amended 1984)

N.5. Temperature Correction on Wholesale Devices. -
Corrections shall be made for any changes in volume
resulting from the differences in liquid temperatures
between time of passage through the meter and time of
volumehic determination in the prover. When adjustments
are necessary, appropriate petroleum measuremeut tables
should be used.
(Amended 1974)

T. Tolerances

T.1. Application to Underregistration and to Overreg-
istration. - The tolerances hereinafter prescribed shall be
applied to errors of undenegistration and errors of
overregistration, whether or not a device is equipped with
an automatic temperature compensator.

T.2. Tolerance Values.

T.2.1. Retail Devices Except Slow-Flow Meters.

T.2.1.1. Devices Indicating in Metric Units.

(a) The maintenance tolerance on normal and
special tests, shall be 20 mL, plus 4 mL per
indicated liter, and never less than 40 mL.

(b) The acceptance tolerance on normal and special
tests shall be l0 mL, plus 2 mL per indicated
Iiter and never less than 20 mL.

(c) The tolerance appliedto a l9-liter draft shall be
that tolerance applicable to a 20-liter draft.

(Amended l98l and 1986)

T.2.1.2. Devices Indicating in Inch-Pound Units.

(a) The maintenance tolerance on normal and
special tests shall be I in3 plus 1 in3 per indicated
gallon and never less than 2 in3 .

(b) The acceptance tolerance on normal and special
tests shall be ll2 in3 plus l/2 in 3 per indicated
gallon and never less than I in3.

(Amended 1981 and 1986)

T.2.1.3. Repeatability. - When multiple tests are
conducted at approximately the same flow rate, the
range of the test results for the flow rate shall not
exceed 40 percent of the absolute value of the
maintenance tolerance.
(Added 1992)

T.2.2. Slow-Flow Meters. - Maintenance tolerances and
acceptance tolerances shall be as shown in Table 2.

T.2.3. WholesaleDevices.

T.2.3.1. Measurement of Agri-Chemical Liquids. -
Acceptance tolerances and maintenance tolerances

shall be 0.3 percent and 0.5 percent, respectively.
(Amended 1995)
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T.2.3.2. Measurement of Other Liquids.
Maintenance tolerances and acceptance tolerances
shall be:

Acceptance Maintenance

Normal test 0.2% 0.3%

Soecial test 0.s% 0s%

T.2.3.3. Repeatability. - When multiple tests are

conducted at approximately the same flow rate, the
range of the test results for the flow rate shall not
exceed 40 percent of the applicable tolerance. This
tolerance does not apply to the test of the automatic
temperature compensating system.
(Added 1992)

7.2.3.4. Automùtic Temperature Compensating
Systems. - The dffirence between the meter error
(expressed as a percenlage) for results determined
with and without the automatic temperature
compensating system activated shall not exceed:

(a) 0.2 percent fo, mechanical automatic
temperalure compens ating systems ; and

(b) 0.1 percentfor electronic automøtic temperature
compensating systems.

The delivered quantities for each test shall be

approximately the same size. The results of each test
shall be within the applicable acceptance or
m aint enance t o I er ance.

[Nonretroactive øs of January I, ]988.1
(Added 1987) (Amended 1992 and 1996)

UR. User Requirements

UR.l. Selection Requirements.

UR.1.1. Discharge Hose.

UR.l.l.l. Length. - The length of the discharge hose

on a retail motor-fuel device:

shall be measured from its housing or outlet of
the discharge line to the inlet of the discharge
nozzle;

shallbe measured with the hose fully extended if
it is coiled or otherwise retained or connected
inside a housing; and

3.30. Liquid-Measuring Devices

(c) shall not exceed 5.5 m (18 ft) unless it can be

demonstrated that a longer hose is. essential to
permit deliveries to be made to receiving
vehicles or vessels.

An unnecessarily remote location of a device shall not
be accepted as justification for an abnormally long
hose.
(Amended 1972 and 1987)

UR.1.1.2. Marinas and Airports.

UR.1.1.2.1. Length. - The length of the discharge
hose shall be as short as practicable, and shall not
exceed 15 m (50 ft) unless it can be demonstrated
that a longer hose is essential.

UR.1.1.2.2. Protection. - Discharge hoses

exceeding I m (26 ft) in length shall be adequately
protected from weather and other environmental
factors when not in use.
(Made retroactive 197 4 and amended 1984)

UR.2. Installation Requirements.

LIR.2.I. Manufacturer's Instructions. - A device shall
be installed in accordance with the manufacturer's
instructions, and the installation shall be sufficiently
secure and rigid to maintain this condition.
(Added 1987)

UR.2.2. Discharge Rate. - A device shall be installed
so that the actual maximum discharge rate will not
exceed the rated maximum discharge rate. Automatic
means for flow regulation shall be incorporated in the
installation if necessarv.

t1R.2.3. Suction Head. - A piston-type device shall be

installed so that the total effective suction head will not
be great enough to cause vaporization ofthe liquid being
dispensed under the highest temperature and lowest
barometric pressure likely to occur.

UR.2.4. Diversion of Liquid Flow. - A motor-fuel
device equipped with two delivery outlets used exclu-
sively in the fueling of trucks shall be so installed that
any diversion offlow to other than the receiving vehicle
can¡ot be readily accomplished and is readily apparent.
Allowable deterrents include, but are not limited to,
physical barriers to adjacent driveways, visible valves, or
lighting systems that indicate which outlets are in
operation, and explanatory signs.
(Amended l99l)

(a)

(b)
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Table 2.

Tolerances for Slow-Flow Meters

Indication

Normal tests Special tests

Maintenance
tolerance

Acceptance
tolerance

Maintenance and

acceptance
tolerance

percent rurums percent fiuntms percent mlnlms

I gill

0.05 gallon

l/2 purt

0.10 gallon

1 pint

0.20 gallon

I quart

l/2 gallon

I gallon and
over

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.75

0.7 5

20

30

40

60

t)

120

0.75

0.75

0.7 5

0.75

0.75

0.75

0.75

0.60

0.60

15

25

JU

45

60

90

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.0

1.0

25

40

50

75

95

155

fl drams fl drams fl d¡ams

2-U2

4

8 per
gallon

2

J

6 per
gallon

3

5

10 per
gallon

UR'2.5. Product Storage ldentification. primary recording element if the device is equipped to
record.

(a) The fill connection for any petroleum product
storage tank or vessel supplying motor-fuel devices UR.3.2. Unit Price and Product Identity.
shall be permanently, plainly, and visibly marked as

to product contained. (a) The following information shall be conspicuously
displayed or posted on the face ofa retail dispenser

(b) when the fill connection device is marked by used in di¡ect sale:
means of a color code, the color code key shall be
conspicuously displayed at the place ofbusiness. (l) except for dispensers used exclusively for fleet

(Added 1975 andAmended 1976) sales, other price contract sales, and ûuck
refueling (e.g., truck stop dispensers used only to

[JR.3. Use of Device. refuel trucks), all of the unit prices at which the
product is offered for sale; and

UR.3.1. Return of Indicating and Recording Ele-
ments to Zero. - On any dispenser used in making retail (2) in the case of a computing type or money-
deliveries, the primary indicating element, and recording operated type, the unit price at which the dis-
element if so equipped, shall be returned to zero before penser is set to compute.
each delivery

Exceptions to this requirement are totalizers on key-lock-
operated or other self-operated dispensers and the
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Provided that the dispenser complies with
S.1.6.4.1., it is not necessary that all the unit prices

for all grades, brands, blends, or mixtures be

simultaneously displayed or posted.

(b) The following information shall be conspicuously

displayed or posted on each side of a retail

dispenser used in direct sale:

(l) the identity of the product in descriptive

commercial terms, and

(2) the identity of the grade, brand, blend, or

mixture that a multi-product dispenser is set

to deliver.
(Amended 1972,1983, 1987,1989, 1992, and 1993)

UR.3.3. Computing Device.

(a) Any computing device placed into service after

January l, 1990, in an application where aproduct
or grade is offered for sale at more than one unit
price (excluding fleet sales and other price contract

sales), shall be used only for sales for which the

device computes and displays the sales price for the

selected transaction. Individual single unit-price
computing devices installed to replace existing

devices or to add to station capacity are exempt

from this requirement.
(Added 1989) (Amended 1992)

(b) A computing device shall be used only for sales for
which the device computes and displays the sales

price for the transaction.
(Effective and retroactive as ofJanuary l,1999)

(c) A huck stop dispenser used exclusively for
refueling trucks is exempt from the requirements in
(a) and (b) if all purchases of fuel are accompanied

by a printed receipt of the transaction containing

the applicable price per gallon, the total gallons

delivered, and the total price of the sale,

(Added 1993)

(d) Unless a truck stop dispenser used exclusively for
refueling trucks complies with S.1.6.4.1. (Display

of Unit Price), the price posted on the dispenser

and the price at which the dispenser is set to
compute shall be the highest price for any

transaction which may be conducted'
(Added 1993)

UR.3.4. Printed Ticket. - The total price, the total
volume of the delivery, and the price per gallon or liter

3.30. Liquid-Measuring Devices

shall be shown, either printed or in clear hand script, on

any printed ticket issued by a device of the computing

type and containing any one of these values'

UR.3.5. Steps After Dispensing. - After delivery to a
customer from a retail motor:fuel device:

(a) the starting lever shall be retumed to its shutoff
position and the zero-set-back interlock engaged;

and

(b) the discharge nozzle shall be returned to its

designed hanging position unless the primary

indicating elements, and recording elements, if the

device is equipped and activated to record, have

been returned to a definite zero indication,

UR.3.6. Temperature Compensation, Wholesale.

UR.3.6.1. Automatic.

UR.3.6.1.f . When to be Used. - If a device is

equipped with a mechanical automatic temperature

compensator, it shall be connected, operable, and in
use at all times. An electronic or mechanical

automatic temperature compensating system may

not be removed, nor may a compensated device be

replaced with an uncompensated device, without
the written approval of the responsible weights and

measures jurisdiction.

[Note: This requirement does not speci$ the

method of sale for product measured through a

meter.]
(Amended 1989)

(Added 1990)
UR.3.6.1.2. Invoices.

(a) A written invoice based on a reading of a

device that is equipped with an automatic

temperature compensator shall show that the

volume delivered has been adjusted to the

volume at l5 "C (60 'F).

(b) The invoice issued from an electronic

wholesale device equipped with an automatic

temperature compensating system shall also

indicate: (l) the API gravity, specifrc gravity
or coefficient of expansion for the product;
(2) product temperature; and (3) gross

reading.
(Amended 1987)
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UR.3.6.2. Nonautomatic.

IJR.3.6.2.1. Temperature Determination. - If the
volume of the product delivered is adjusted to the
volume at 15 'C (60 "F), the product temperature
shall be taken during the delivery in:

(a) the liquid chamber of the meter, or

(b) the meter inlet or discharge line adjacent to
the meter, or

(c) the compartment of the receiving vehicle at
the time it is loaded.

UR.3.6.2.2. Invoices. - The accompanying invoice
shall indicate that the volume of the product has
been adjusted for temperature variations to a
volume at 15 'C (60 'F) and shall also state the
product temperature used in making the adjustment.
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Acceptance .....3'12,3-13,3-14
Adjustableelement ...3-7
Advancement ... .3-3,3-9
Agreement ..3-5,3-6,3-7
Agri-chemical..... .. '.3'3,3.12
Agri-chemicalliquids ...3'3,3'72
Antidrainmeans ....3-10
Automatic . . . . 3-7,3-8, 3-9, 3-10, 3-l 1,3-12,3-13, 3-15

Automatic temperature compensating systems 3-9, 3-l l,
3- l3

Automatictemperaturecompensation ...... 3-9

Automatictemperaturecompensators .... .. 3-9

Auxiliaryelements ...3-5
Blend. .'3-5,3-15
Clearinterval ..... ..3'4
Clearance ....3-4
Computingdevice .....3-5,3-15
Directionalflowvalves .....3'7
Dischargehose.. 3-9,3-10,3-13
Dischargelines.. ....3-9
Discharge rate .. 3-10,3'11,3'12,3-13
Dischargerates.. ...3-10
Diversion of liquid . . 3-13

Dryhose .....3'9
Fleetsales ...3-5,3-6,3-14,3'15
Grade. ..3-5,3-15
Graduations 3'4,3'6,3-70
Gravþ-dischargeunit ......3-9
Indexofanindicator .......3-4
Indicating element . 3-3,3'5,3-14
Indicators '...3-4
Installationrequirements ... 3-13

Interlock ...3'7,3-8,3-15
IlVoices...... ...... 3-15,3-16
Key-lock .3-4,3'14
Lubricant devices . . 3-6,3-9, 3-1 I
Maintenance ....3'12,3-13,3-14
Markingrequirements ...'.3-10
Mass. ....3-1,3-3
Mass flow meters . 3-1, 3-3

Measuringelements ..3-7
Moneyvalues-mathematicalagreement ..... 3-7

Money-valuecomputation .' 3-12
Money-valuecomputations .' 3-5

Money-valuedivisions '.'...3-5
Motor-fueldevice .....3-13,3-15
Nonautomatic..... .3-16
Normal tests . . . 3-l l, 3-14

Operatingrequirements '.3-4,3-6
Parallax . '... 3-4
Powerloss "' 3'4
Price contract sales . 3-5,3-6,3-14, 3-15

Primary indicatingelement ... ' '3-3,3'14
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Printedticket. .....3-15
Productidentþ ...3-5,3-6,3-14
Provisionforsealing ....3-7,3-9
Pump-dischargeunit ..3-9
Quantity .... 3-4,3-5,3-6,3-7,3-10,3-11,3-12
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Retaildevices ..... ... 3-3,3-4,3-10,3-11,3-12
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Returntozero .......3'4
Seal.. 3-7,3-8,3-9,3-10
Sealing .....3-7,3-8,3-9
Security ...3-7,3-9,3-10
Selectionofunitprice . ....' 3-5

Slow flow meters 3-4, 3-10

Specialtests . ... 3-11,3-12,3'14
Stopmechanism.. ...3-7
Temperaturecorrection .'..3-12
Temperaturedetermination .... .. 3-8,3-9,3-16
Testdrafts .....3-10,3-ll
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Totalizers .....3-10,3-14
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Truck refueling . . . . . . . . . . 3-5, 3'9,3-14
Unit price 3-4, 3-5, 3-6, 3-14, 3-15

Userinformation .. '.3-4
Valves ....3-7,3-9,3-13
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Wholesale devices . . 3-3,3-6, 3-8, 3-9,3-10,3-11,3'12
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3.31. Vehicle-Tank Meters

A. Application

4.1. - This code applies to meters mounted on vehicle tanks

including those used for the measurement and delivery of
petroleum products or agri-chemical liquids such as

fertilizers, feeds, pesticides, defoliants, and bulk deliveries
of water.
(Amended 1985 and 1995)

4.2. - This code does not apply to the following devices:

(a) Devices used for dispensing liquefied petroleum gases

(for which see Sec. 3.32; Code for Liquefied
Petroleum Gas and Anhydrous Ammonia Liquid-
Measuring Devices), or other liquids that do not
remain in a liquid state at atmospheric pressures and

temperatures.

(b) Devices used solely for dispensing a product in
connection with operations in which the amount dis-
pensed does not affect customer charges.

(c) Vehicle tanks used as measures (for which see Sec.

4.40; Code for Vehicle Tanks Used as Measures).

(d) Mass flow meters (see Sec. 3.37. Code for Mass Flow
Meters)
(Added 1994)

Á.¡. - See also Sec. l.l0; General Code requirements.

S. Specifications

S.l. Design of Indicating and Recording Elements and

of Recorded Representations.

S.1.1. Primary Elements.

S.1.1.1. General. - A meter shall be equipped with a
primary indicating element and may also be equipped

with a prirnary recording element.

[Note: Nonretroactive and effective January I, ] 995,

vehicle tank metering systems shall be equipped with
a ticket printer. To become retroactive øs of January
I, I999. See UR.2.2.J
(Amended 1993)

Sec. 3.31. Vehicle-Tank Meters

S.1.1.2. Units. -

(a) A meter shall indicate, and record if the meter is

equipped to record, its deliveries in terms of
liters (gallons). Fractional pafs of the liter
(gallon) shall be in terms of either decimal or
binary subdivisions.

(b) When it is an industry practice to purchase and

sell milk by weight based upon 1.03 kg/L
(8.6 lb/gal), the primary indicating element may
indicate in kilograms (pounds) and decimal

kilograms (pounds). The weight value division
shall be a decimal multiple or submultiple of l,
2, or 5. (See S.5.5.)

S.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated delivery, and recorded

delivery if the meter is equipped to record, shall not
exceed the equivalent of:

(a) 0.5 L (0.1 gal) or 0.5 kg (1 lb) on milk-metering
systems

(b) 0.5 L (0.1 gal) on meters with a rated maximum
flow rate of 500 L/min (100 gaVmin) or less

used for retail deliveries of liquid fuel, or

(c) 5 L (1 gal) on other meters.
(Amended 1989 and 1994)

S.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording

elements shall be susceptible to advancement only by
the mechanical operation of the meter. However, a

meter may be cleared by advancing its elements to

zero, but only if

(a) the advancing movement, once started, cannot be

stopped until zero is reached, or

(b) in the case of indicating elements only, such

elements are automatically obscured until the

elements reach the correct zero position.

5.1.1.5. Return to Zero. - Primary indicating

elements shall be readily returnable to a definite zero

indication. Means shall be provided to prevent the
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retum of primary indicating elements, and of primary
recording elements if these are returnable to zero,
beyond their correct zero position.

S.1.2. Graduations.

S.1.2.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.

5.1.2.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case

be less than 0.2 mm (0.008 in) wide.

S.1.2.3. Clear Interval Between Graduations. -
The clear interval shall be not less than 0.25 mm
(0.10 in). If the graduations are not parallel, the
measurement shall be made:

(a) along the line of relative movement between the
graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

(Amended 1986)

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations at least
throughout that portion of its length associated with
the graduations.

S.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,

unless the indicator and the graduations are in the
same plane, in which case the distance between the
end ofthe indicator and the ends ofthe graduations,
measured along the line of the graduations, shall be
not more than 1.0 mm (0.04 in).

5.1.3.3. Width. - The width of the index of an
indicator in relation to the series of graduations with
which it is used shall be not greater than

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
graduations.

When the index of an indicator extends along the
entire length of a graduation, that portion of the index
of the indicator that may be brought into coincidence
with the graduation shall be of the same width
throughout the length of the index that coincides with
the graduation.

S.1.3.4. Clearance. - The clearance between the
index ofan indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

S.1.3.6. Travel of Indicator. - If the most sensitive
element of the primary indicating element utilizes an

indicator and graduations, the relative movement of
these parts corresponding to the smallest indicated
value shall not be less than 5 mm (0.20 in).

S.1.4. Computing-Type Device.

S.1.4.f . Display of Unit Price. - In a device of the
computing type, means shall be provided for
displaying on the outside of the device, in a manner
clear to the operator and an observer, the unit price at
which the device is set to compute.
(Amended 1983)

5.1.4.2. Printed Ticket. - If a computing-type device
issues a printed ticket which displays the total
computed price, the ticket shall also have printed
clearly thereon the total quantify of the delivery, the
appropriate fraction of the quantity, and the price per
unit of quantity.
(Amended 1989) /

5,1.4.3. Money-Value Computations. - Money-
value computations shall be of the full-computing type
in which the money value at a single unit price, or at
each ofa series ofunit prices, shall be computed for
every delivery within either the range of measurement
of the device or the range of the computing elements,

whichever is less. Value graduations shall be supplied
and shall be accurately positioned. The value of each
graduated interval shall be 1 cent. On electronic
devices with digital indications, the total price may be

computed on the basis of the quantify indicated when
the value of the smallest division indicated is equal to
or less than 0.2 L (0.1 gal) or 0.2 kg (1 lb).
(Amended 1979,1989)

S.1.4.4. Money Values, Mathematical Agreement.
- Any digital money-value indication and any recorded
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money value on a computing-type device shall be in

mathematical agreement with its associated quantity

indication or representation to within I cent of money

value.

S.2. Design of Measuring Elements.

S.2.1. Vapor Elimination' - A metering system shall be

equipped with an effective vapor or air eliminator or

other automatic means to prevent the passage of vapor

and air through the meter. Vent lines from the air or

vapor eliminator shall be made of metal tubing or some

other suitable rigid material.
(Amended 1993)

S.2.2. Provision for Sealing' - Except on devices for
metering milk, adequate provision shall be made for

apptying security seals in such a manner that no ad-

justment may be made of:

(a) any measurement element, and

(b) any adjustable element for controlling delivery rate

when such rate tends to affect the accuracy of
deliveries.

5.2.2.1. Milk-Metering Systems. - Adequate

provision shall be made for applying security seals to

the adjustment mechanism and the register'

The adjusting mechanism shall be readily accessible for
purposes ofaff,rxing a security seal.

S.2.3. Directional Flow Valves. - Valves intended to
. prevent reversal of flow shall be automatic in operation.

However, on equipment used exclusively for fueling
aircraft, such valves may be manual in operation.

S.3. Design of Discharge Lines and Discharge Line
Valves.
(Not applicable to milk-metering systems.)

S.3.1. Diversion of Measured Liquid. - Except on

equipment used exclusively for fueling aircraft, no means

shall be provided by which any measured liquid can be

diverted from the measuring chamber of the meter or the

discharge line therefrom. However, two or more

delivery outlets may be installed if lneans is provided to

insure that:

(a) liquid can flow from only one such outlet at one

time, and

3.3 1. Vehicle-Tank Meters

(b) the direction of flow for which the mechanism may

be set at any time is definitely and conspicuously

indicated.

S.3.2. Pump-Discharge Unit. - On a pump-discharge

unit, the discharge hose shall be of the \ryet-hose type

with a shutoff valve at its outlet end. However, a pump-

discharge unit may be equipped also with a dry hose

without a shutoff valve at its outlet end, but only if:

(a) the dry hose is as short as practicable, and

(b) there is incorporated in the discharge piping,

immediately adjacent to the meter, effective means

to insure that liquid can flow through only one of
the discharge hoses at any one time and that the

meter and the wet hose remain full of liquid at all
times.

S.3.3. Gravity-Discharge Unit. - On a gravity-dis-

charge unit, the discharge hose or equivalent pipe shall

be of the dry-hose type wittr no shutoff valve at its outlet

end. The dry hose shall be ofsuch stiffrress and only of
such length as to facilitate its drainage. The inlet end of
the hose or ofan equivalent outlet pipe shall be ofsuch
height as to provide for proper drainage of the hose or

pipe. There shall be incorporated an automatic vacuum

breaker or equivalent means to prevent siphoning and to

insure the rapid and complete drainage.

S.3.4. Discharge Hose. - A discharge hose shall be

adequately reinforced.

S.3.5. Discharge Valve. - A discharge valve may be

installed in the discharge line only if the device is of the

wet-hose type, in which case such valve shall be at the

discharge end of the line. Any other shutoff valve on the

discharge side of the meter shall be of the automatic or

semiautomatic predetermined-stop type or shall be

operable only:

(a) by means of a tool (but not a pin) entirely separate

from the device, or

(b) by mutilation of a security seal with which the

valve is sealed open.

5.3.6. Antidrain Valve. - In a wet-hose, pressure-type

device, an effective antidrain valve shall be incorporated

in the discharge valve or immediately adjacent thereto.

The antidrain valve shall function so as to prevent the

drainage of the discharge hose. However, a device used

exclusively for fueling and defueling aircraftmay be of
the pressure type without an antidrain valve.
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S.4. Design of Intake Lines (for Milk-Metering Sys-
tems).

S.4.1. Diversion of Liquid to be Measured. - No
means shall be provided by which any liquid can be
diveted from the supply tank to the receiving tank
without being measured by the device.

S.4.2. Intake Hose. - The intake hose shall be:

(a) of the dry-hose type;

(b) adequately reinforced;

(c) not more than 6 m (20 ft) in length, unless it can be
demonstrated that a longer hose is essential to
permit pickups from a supply tank; and

(d) connected to the pump at horizontal or above, to
permit complete drainage of the hose.

S.5. Marking Requirements

S.5.1. Limitation of Use. - If a merer is intended to
measure accurately only liquids having particular
properties, or to measure accurately only under specific
installation or operating conditions, or to measure
accurately only when used in conjunction with specific
accessory equipment, these limitations shall be clearly
and permanently stated on the meter.

S.5.2. Discharge Rates. - A meter shall be marked to
show its designed maximum and minimum discharge
rates. However, the minimum discharge rate shall not

---exceed 20.percent of the maximum discharge rate.

S.5.3. Measuring Components Milk-Metering Sys-
tem. - AII components that affect the measurement of
milk that are disassembled for cleaning purposes shall be
clearly and permanently identified with a common serial
number.

S.5.4. Flood Volume, Milk-Metering System. - When
applicable, the volume of product necessary to flood the
system when dry shall be clearly, conspicuously, and
permanently marked on the air eliminator.

S.5.5. Conversion Factor. - When the conversion factor
of 1.03 kg/L (8.6 lb/gal) is used to convert the volume of
milk to weight, the conversion factor shall be clearly
marked on the primary indicating element and recorded
on the delivery ticket.
(Added 1989)

N. Notes

N.l. Test Liquid.

(a) A measuring system shall be tested with the Iiquid to
be commercially measured or with a liquid of the
same general physical characteristics. Following a
satisfactory examination, the weights and measures
official should attach a seal or tag indicating the
product used during the test.
(Amended 1975)

(b) A milk measuring system shall be tested with the type
of milk to be measured when the accuracy of the
system is affected by the characteristics of milk (e.g.,
positive displacement meters).
(Part (b) Added 1989)

N.2. Evaporation and Volume Change. - Care shall be
exercised to reduce to a minimum, evaporation losses and
volume changes resulting from changes in temperature of
the test liquid.

N.3. Test Drafts. - Test drafts should be equal to at least
the amount delivered by the device in I minute at its
maximum discharge rate, and shall in no case be less than
180 L (50 gal) or 225 kg (500 Ib).
(Amended 1989)

N.4. Testing Procedures

N.4.1. Normal Tests. - The "normal" test of a mea-
suring system shall be made at the maximum discharge
rate that may be anticipated under the conditions of the
installation. Any additional tests conducted at flow rates
down to and including one-half of the sum of the
maximum discharge flow rate and the rated minimum
discharge flow rate shall be considered normal tests.
(Amended 1992)

N.4,1.1. Milk Measuring System. - The "normal"
test shall include a determination of the effectiveness
of the air elimination system.

N.4.2. Special Tests (Except Milk-Measuring Sys-
tems). - "Special" tests shall be made to develop the
operating characteristics ofa measuring system and any
special elements and accessories attached to or
associated with the device. Any test except as set forth
in N.4.1. shall be considered a special test. Special test
of a measuring system shall be made as follows:

(a) at a minimum discharge rate of 20 percent of the
marked maximum discharge rate or at the minimum
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discharge rate marked on the device whichever is

less;

(b) to develop operating characteristics of the mea-

suring system during a split-compartment delivery.

(Amended 1978)

N.4.3. Antidrain Valve Test. - The effectiveness of the

antidrain valve shall be tested after the pump pressure in

the measuring system has been released and a valve

between the supply tank and the discharge valve is

closed.

N.4.4. System Capacity. - The test of a milk-measuring

system shall include the verification of the volume of
product necessary to flood the system as marked on the

air eliminator.

T. Tolerances

T.l. Application.

T.1.1. To Underregistration and to Overregistration.
- The tolerances hereinafter prescribed shall be applied to

erors of ,undenegistration and errors of overregistrati on'

T.2. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Tables 1,2,3, and 4'

(Amended 1995)

T.3. Tolerance Values on Meters Used for the Mea-

surement of Agri-Chemical Liquids' - The maintenance

tolerance on normal and special tests shall be I percent of
the indicated quantity. The acceptance tolerance on a nor-

mal test shall be 0.5 percent of the indicated quantity and on

special tests, I percent ofthe indicated quantity.

(Added 1985, Amended 1989)

T.4. Repeatability. - When multiple tests are conductqd at

approximately the same flow rate, the range of the test

results for the flow rate shall not exceed 40 percent ofthe
applicable tolerance.
(Added 1992)

UR. User Requirements

UR.1. Installation Requirements.

IJRI.I. Discharge Rate. - A meter shall be so installed

that the actual maximum discharge rate will not exceed

the rated maximum discharge rate' If necessary' means

for flow regulation shall be incorporated in the

3.3 l. Vehicle-Tank Meters

installation, in which case this shall be fully effective and

autolnatic in operation.

UR.l.2. Unit Price. - There shall be displayed on the

face of a device of the computing type the unit price at

which the device is set to comPute.

UR.1.3. Intake Hose. - The intake hose in a milk-
metering system shall be installed to permit complete

drainage and ensure that all available product is mea-

sured following each pickuP.

UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording Ele-

ments to Zero. - The primary indicating elements

(visual), and the primary recording elements, when these

are returnable to zero, shall be refurned to zero

immediately before each delivery is begun and after the

pump has been activated and the product to be measured

has been supplied to the measuring system.

(Amended 1981)

UR.2.2. Ticket Printer; Customer Ticket. - Vehicle-

mounted metering systems shall be equipped with a

ticket printer which shall be used for all sales where

product is delivered through the meter. A copy of the

ticket issued by the device shall be left with the customer

at the time of delivery or as otherwise specified by the

customer.

[Nonretroactive as of January l, 1995' To become

retroactive as ofJanuary l, 1999.]
(Added 1993) (Amended 1994)

UR.2.3. Ticket in Printing Device. - A ticket shall not

be inserted into a device equipped with a ticket printer

until immediately before a delivery is begun, and in no

case shall a ticket be in the device when the vehicle is in

motion while on a public street, highway, or thor-

oughfare.

UR.2.4. Credit for Flood Volume. - The volume of
product necessary to flood the system as marked on the

air eliminator shall be individually recorded on the

pickup ticket ofeach seller affected.
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Table l.
Tolerances for Vehicle-Tank Meters Except for Vehicle-Mounted Milk Meters,

Agri-Chemical Meters, and Water Meters

Normal tests Special tests

lndication
Maintenance

tolerance
Acceptance tolerance

Maintenance and acceptance

tolerance

(Gallons) (Cubic inches) (Cubic inches) (Cubic inches)

50 50 25 50

Over 50 Add 1/2 cubic
inch per
indicated

gallon over 50

Add l/4 cubic
inch per
indicated

gallon over 50

Add I cubic
inch per
indicated

gallon over 50

Table 2. Tolerances for
Vehicle-Mounted Milk Meters

Indication Maintenance Acceptance

gallons gallons gallons

100

200

300

400

s00

Over 500

0.5

0.7

0.9

1.1

1.3

Add 0.002 gal-
lon per indi-
cated gallon

over 500

0.3

0.4

0,5

0.6

0.7

Add 0.001
gallon per

indicated gal-
lon over 500

(Added 1989)
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Table 3. Tolerances for Vehicle-Mounted Water Meters
Normal Tests

Meter size

(inches)
Rate of flow

(galimin)

Maximum Rate

Meter indication Tolerance on over- and

gal fte
under-registration

st8

3/4

1

|!2
2

a
J

Î

6

15

25

40

80

120

250

350

700

50

50

100

300

500

500

I 000

1 000

5

5

10

40

40

50

100

100

t.5%

(Added 199s)

Table 4. Tolerances for Vehicle-Mounted Water Meters
Special Tests

Meter size
(inches)

Intermediate rate Minimum rate

Rate of
flow
(gaI/
min)

Meter
indication Tolerance on over-

and under-
registration

Rate of
flow
(gav
min)

Meter
indication

Tolerance

gal ft3 gâl ft3
Under-

registration
Over-

registration

5t8

3t4

1

L t/2

2

J

4

6

2

3

llI

8

l5

20

40

60

10

l0

10

50

50

50

100

100

t

I

I

5

5

5

10

10

r5%

u4

u2

3/4

I t/2
2

4

7

t2

5

5

5

l0

l0

10

50

50

I

1

I

I

I

I

5

5

s.0% r5%

(Added 1995)
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3.32. LPG and Anhydrous Ammonia Liquid-Measuring Devices

Sec. 3.32. Liquefied Petroleum Gas and Anhydrous Ammonia
Liquid-Measurin g Devicesl

A. ApplicatÍon.

4.1. - This code applies to devices used for the

measurement of liquefied petroleum gas and anhydrous

ammonia in the liquid state, whether such devices are

installed in a permanent location or mounted on a vehicle.

^.2. 
- Insofar as they are clearly appropriate, the

requirements and provisions of the code may be applied to
devices used for the measurement of other liquids that do

not remain in a liquid state at atmospheric pressures and

temperatures,

4.3. - See also Sec. 1.10; General Code requirements.

4.4. - This code does not apply to mass flow meters (see

Sec. 3.37. Code for Mass Flow Meters)
(Added 199a)

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements

S.1.1.1. General. - A device shall be equipped with
a primary indicating element and may also be

equipped with a primary recording elemenL

[Note: Vehicle-mounted metering systems shall be

equipped with a ticket printer as required by
paragraph LJR.2.6.l

5.1.1.2. Units. - A device shall indicate, and record if
the device is equipped to record, its deliveries in terms

of gallons, quarts, pints, or binary-submultiple or
decimal subdivisions of the gallon.
(Amended 1987)

S.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated delivery, and recorded

delivery ifthe device is equipped to record, shall not
exceed the equivalent of:

(a) 0.5 L (1 pt) on retail devices, or

(b) 5 L (1 gal) on wholesale devices.
(Amended 1987)

S.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording
elements shall be susceptible to advancement only by
the mechanical operation of the device. However, a

device may be cleared by advancing its elements to

zero, but only if:

(a) the advancing movement, once started, cannot

be stopped until zero is reached, or

(b) in the case of indicating elements only, such

elements are automatically obscured until the

elements reach the correct zero position.

S.1.1.5. Money Values--Mathematical Agreement.
- Any digital money-value indication and any

recorded money value on a computing-type device

shall be in mathematical agreement with its associated

quantify indication or representation to within one

cent of money value; except that a stationary retail
computing-type device must compute and indicate to
the nearest I cent of money value (see Sec. 1.10., G-
s.s.s.).
(Amended 1984, 1988)

S.1.1.6. Printed Ticket. - Any printed ti"t 
"t 

ittu"¿
by a device of the comp':ting type on which there is

printed the total computed price, shall have printed
clearly thereon the total volume of the delivery in
terms of liters or gallons, and the appropriate decimal
fraction of the liter or gallon, and the corresponding

price per liter or gallon.
(Added 1979; Amended 1987)

S.1.2. Graduations.

S.1.2.1. Length, - Graduations shall be so varied in
length that they may be conveniently read.

5.1.2.2. Width. - In any series of graduations, the

width of a graduation shall in no case be greater then

tTitle amended 1986.
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3.32. LPG and Anhydrous Ammonia Liquid-Measuring Devices

the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case

be less than 0.2 mm (0.008 in) width.

S.1.2.3. Clear Interval Between Graduations. - The
clear interval shall be not less than 1.0 mm (0.04 in).
If the graduations are not parallel, the measurement
shall be made:

(u) along the line of relative movement between the
graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least throughout that portion of its length associated
with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,

unless the indicator and the graduations are in the
same plane, in which case the distance between the
end ofthe indicator and the ends ofthe graduations,
measured along the line of graduations, shall be not
more than 1.0 mm (0.04 in).

5.1.3.3. Width. - The width of the index of an
indicator in relation to the series of graduations with- 
wtriðtr iiis uied shall be not greater than:

(a) the width of the widest graduation, and

(b) the widttr of the minimum clear intewal bet#een
graduations.

When the index of an indicator extends along the
entire length of a graduation, that portion of the index
of the rndicator that may be brought into coincidence
with the graduation shall be of the same width
throughout the length of the index that coincides with
the graduation.

5.1.3.4. Clearance. - The clearance between the
index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

S.1.4. For Retail Devices Onlv.

5.1.4.1. fndication of Delivery. - A retail device
shall be constructed to show automatically its initial
zero condition and the amounts delivered uo to the
nominal capacity of the device.

S.1.4.2. Return to Zero. -

(a) Primary indicating elements shall be readily
rehrrnable to a definite zero indication.

(b) Primary recording elements on a stationary retail
device shall be readily returnable to a definite
zero indication if the device is equipped to
record.

(c) Means shall be provided to prevent the retum of
primary indicating elements, and of primary
recording elements if these are returnable to
zero, beyond thei¡ correct zero position.

(Amended 1990)

S.1.5. For Stationary Retail Devices Only.

S.1.5.1. Display of Unit Price and Product ldentity.
- In a device of the computing type, means shall be
provided for displaying on each face ofthe device the

unit price at which the device is set to compute or to
deliver as the case may be, and there shall be

conspicuously displayed on each side ofthe device the
identity of the product that is being dispensed. If a

device is so designed as to dispense more than one
grade, brand, blend, or mixture of product, the identity
of the grade, brand, blend, or mixture being dispensed
shall also be displayed on each face ofthe device.

S.1.5.2. Money-Value Computations. - A
computing device shall compute the total sales price at

any single-purchase unit price (excluding fleet sales

and other price confuact sales) for which the product is

offered for sale at any delivery possible within either
the measurement range of the device or the range of
the computing elements, whichever is less. The
analog money value indication shall not differ from
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the mathematically computed money value (quantify
x unitprice : sales price), for any delivered quantify,
by an amount greater than the values shown in
Table 1.

(Amended 1995)

S.1.5.2.1. Money-Value Divisions, Analog. - The
value of the graduated intervals representing money
values on a computing-type device with analog
indications shall be as follows:

(u) Not more than I cent at all unit prices up to
and including $0.25 per liter or $1.00
per gallon.

(b) Not more than 2 cents at unit prices greater

than $0.25 per liter or $1.00 per gallon up to
and including $0.75 per liter or $3.00
per gallon.

(c) Not more than 5 cents at all unit prices greater

than $0.75 per liter or $3.00 per gallon.
(Amended 1984)

S.1.5.2.2. Money-Value Divisions, Digital. - A
computing-type device with digiøl indications shall

comply with the requirements of paragraph G.-
S. 5.5., Money Values, Mathematical Agreement,
and the total price computation shall be based on
quantities not exceeding O.Ol-gallon intervals for
devices indicating in inch-pound units and 0.05

liter for devices indicatins in metric units.

5.1.5.2.3. aon"y-votir" Divìsíons, Auxiliøry
Intlications. In a system èquipped with auiiliary
indications, all indicated money-value divisions
shall be identical.

[Nonretroactive as of January I, 1985.]

S.1.6. For Wholesale Devices Onlv.

S.1.6.1. Travel of fndicator. - A wholesale device
shall be readily operable to deliver accurately any
quantity from 180 L (50 gal) to the capacity of the

device. If the most sensitive element of the indicating
system utilizes an indicator and graduations, the

relative movement of these parts corresponding to a

delivery of 5 L (1 gal) shall be not less than 5 mm
(0.20 in).
(Amended 1987)

3.32. LPG and Anhydrous Ammonia Liquid-Measuring Devices

S.2. Design of Measuring Elements,

S.2.1. Vapor Elimination. - A device shall be equipped

with an effective vapor eliminator or other effective
means to prevent the passage of vapor through the meter.

S.2.2. Provision for Sealing. - Adequate provision shall
be made for applying security seals in such a marmer that

no adjustment may be made of:

(a) any measurement element, and

(b) any adjustable element for controlling delivery rate,

when such rate tends to affect the accuracv of
deliveries.

The adjusting mechanism shall be readily accessible for
purposes ofaffixing a securþ seal.

S.2.3. Directional Flow Valves. - A measuring system

shall be equipped with a valve or other effective means,

automatic in operation and installed in or adjacent to the

measuring element, to prevent reversal of flow of the

product being measured.
(Amended 1982).

S.2.4. Maintenance of Liquid State. - A device shall be

so designed and installed that the product being
measured will remain in a liquid state during the passage

through the meter.

S.2.5. Thermometer Well. - For test purposes, means

shall be provided to determine the temperature of the

liquid either:

(a) in the liquid chamber of the meter, or

(b) in the meter inlet or discharge line and immediately
adjacent to the meter.

(Amended 1987)

S.2.6. Automatic Temperature Compensation. - A
device may be equipped with an adjustable automatic

means for adjusting the indication and registration of the

measured volume of product to the volume at 15 "C
(60'F).

5.2.6.1. Provision for Deactivating. - On a device

equipped with an automatic temperature compensating

mechanism that will indicate or record only in terms

of liters compensated to 15 'C or gallons to 60 oF,

provision shall be made to facilitate the deactivation
of the automatic temperature compensating
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3.32. LPG and Anhydrous Ammonia Liquid-Measuring Devices

mechanism so that the meter may indicate, and record
if it is equipped to record, in terms of the
uncompensated volume.
(Amended 1972)

5.2.6.2. Provision for Sealing. - Provision shall be
made for applying security seals i¡ such a manner that
an automatic temperature-compensating system
can¡ot be discormected and that no adjustrnent may be
'made to the system.

S.3. Design of Discharge Lines and Discharge Line
Valves.

S.3.1. Diversion of Measured Liquid. - No means shall
be provided by which any measured liquid can be
diverted from the measuring chamber of the meter or the
discharge line therefrom. However, two or more
delivery outlets may be permanently installed if means
are provided to insure that:

(a) liquid can flow from only one such outlet at one
time, and

(b) the direction of flow for which the mechanism may
be set at any time is definitely and conspicuously
indicated.

In addition, a manually controlled outlet that may be
opened for the purpose of emptying a portion of the
system to allow for repair and maintenance operations
shall be permitted. Effective means shall be provided to
prevent the passage of liquid through any such outlet
during normal operation of the device and to indicate
clearly and unmistakably when the valve contols are so

set as to permit passage of liquid through such outlet.
(Amended 1975).

S.3.2. Delivery Hose. - The delivery hose of a retail
device shall be of the wet-hose type with a shutoff valve
at its outlet end.

S.4. Marking Requirements.

S.4.1. Limitation of Use. - If a device is intended to
measure accurately only products having particular
propedies, or to measure accurately only under specific
installation or operating conditions, or to measure
accurately only when used in conjunction with specific
accessory equipment, these limitations shall be clearly
and permanently stated on the device.

S.4.2. Discharge Rates. - A device shall be marked to
show its designed maximum and minimum discharge
rates. The marked minimum discharee rate shall not
exceed:

Table 1.

Money-Value Divisions and
Maximum Allowable Variations for Money-Value
Computations on Mechanical Analog Computers

Unit Price Money
Value

Division

Maximum
Allowable Variation

From To and including
Design

Test
Field
Test

0
$0.25lliter or

$ 1.00/gallon
rø +rø +lø

$0.25lliter or
$ 1.00/gallon

$0.75lliter or
$3.00/gallon

lf, or 2þ +rþ +2É

$0.7Slliter or
$3.00/gallon

$2.50/liter or
$10.0O/gallon

Il, or 2l +rþ +2ø

$0.7Slliter or
$3.00/gallon

$2.5O/liter or
$10.00/gallon

+2 y2ø +5ø
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(a) 20 L (5 gal) per minute for stationary retail devices,

or

(b) 20 percent of the marked maximum discharge rate

for other retail devices and for wholesale devices.

(Amended 1987)

S.4,3. Temperature Compensation. - If a device is

equipped with an automatic temperature compensator,

the primary indicating elements, recording elements, and

recorded representation shall be clearly and

conspicuously marked to show that the volume delivered

has been adjusted to the volume at 15 'C (60 'F).

N. Notes

N.1. Test Liquid. - A device shall be tested with the liquid
to be commercially measured or with a liquid of the same

general physical characteristics.

N.2. Vaporization and Volume Change. - Care shall be

exercised to reduce to a minimum, vaporization and volume

changes.

N.3. Test Drafts. - Test drafts should be equal to at least

the amount delivered by the device in I minute at its normal
,discharge rate.

(Amended 1982)

N.4. Testing Procedures.

N.4.1. Normal Tests. - The "normal" test of a device

shall be made at the maximum discharge flow rate

_ developed under the conditions of the installation' Any
additional tests conducted at flow rates down -to and

including one-half the sum of the maximum discharge

flow rate and the rated minimum discharge flow rate

shall be considered normal tests.

(Amended 1998)

N.4.1.1. Automatic Temperature Compensation. -

On devices equipped with automatic temperature

compensating systems, normal tests shall be

conducted as follows:

(a) by comparing the compensated volume indicated

or recorded to the actual delivered volume

corrected to 15 'C (60 'F); and,

(b) with the temperature compensating system

deactivated, comparing the uncompensated

volume indicated or recorded to the actual

delivered volume.

3.32, LPG and Anhydrous Ammonia Liquid-Measuring Devices

The f¡¡st test shall be performed with the automatic

temperatue-compensating system operating in the "as

found" condition. On devices that indicate or record

both the compensated and uncompensated volume for
each delivery, the tests in (a) and (b) may be

performed as a single test.

(Amended 1987)

N.4.2. Special Tests. - "Special" tests, to develop the

operating characteristics of a device and any special

elements and accessories attached to or associated with
the device, shall be made as ci¡cumstances require' Any
test except as set forth in N.4.1. shall be considered a

special test.

N.4.2.1. For Motor-Fuel Devices. - A motor-fuel
device shall be so tested at a minimum discharge rate

of:

(a) 20 L (5 gal) per minute, or

(b) the minimum discharge rate marked on the

device, whichever is less.

N.4.2.2. For Other Retail Devices. - A retail device

other than a motor-fuel device shall be tested at a

minimum discharge rate of:

(a) the minimum discharge rate that can be

developed under the conditions of installation, or

(b) the minimum discharge rate marked on the

device, whichever is greater.

(Amended 1973)

N.4.2.3. For Wholesale Devices. - A wholesale

device shall be so tested at a minimum discharge rate

of:

(Ð 40 L (10 gal) per minute for a device with a
rated maximum discharge less than 180 L
(50 gal) per minute.

(b) 20 percent of the marked maximum discharge

rate for a device with a rated maximum

discharge of 180 L (50 gal) per minute or more,

ol

(c) the minimum discharge rate marked on the

device, whichever is least.

(Amended 1987)
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N.4.3. Money-Value Computation Tests.

N.4.3.1. Laboratory Design Evaluation Tests. - In
the conduct of laboratory design evaluation tests,

compliance with paragraph S.1.5.2. shall be
determined by using the cone gear as a reference for
the total quantity delivered. The indicated delivered
quantity shall agree with the cone gear representation
with the index of the indicator within the width of the
graduation. The maximum allowable variation of the
indicated sales price shall be as shown in Table 1.

N.4.3.2. Field Tests. - In the conduct of field tests to
determine compliance with paragraph 5.1.5.2. the

maximum allowable variation in the indicated sales

price shall be as shown in Table l.
(Added 1984)

N.5. Temperature Correction. - Corrections shall be

made for any changes in volume resulting from the
differences in liquid temperatures between time of passage

through the meter and time of volumetoic determination in
the test measure.

T. Tolerances

T.1. Application.

T.1.1. To Underregistration and to Overregistration.
- The tolerances hereinafter prescribed shall be applied to
errors of underregisfration and errors of overregistration,
whether or not a device is equipped with an automatic
temperarure compensator.

T.2. Îôierance Values. - The maintenance and acceptance
tolerances for normal and special tests shall be:

(Amended 1988 and 1992)

T.3. Repeatability. -When multiple tests are conducted at

approximately the same flow rate, the range of the test
results for the flow rate shall not exceed 40 percent ofthe
absolute value of the maintenance tolerance and the results
of each test shall be within applicable tolerance. This
tolerance does not apply to the test of the automatic
temperature compensating system.

(Added 1992) (Amended 1997)

T.4. Automatic Temperature Compensating Systems. -
The difference between the meter error (expressed as a

percentage) for results determined with and without the

automatic temperature compensating system activated shall

not exceed:

(a) 1.0 percent for mechanical automatic temperature

compensating systems; and

(b) 0.5 percent for electronic automatic temperature
compensating systems.

The delivered quantities for each test shall be approximately

the same size. The results of each test shall be within the

applicable acceptance or maintenance tolerance.
(Added 199l)(Amended 1992,1996, and 1997)

UR. User Requirements

UR.l. Installation Requirements.

IJR.1.1. Discharge Rate. - A device shall be so installed
that the actual maximum discharge rate will not exceed

the rated maximum discharge rate. If necessary, means

for flow regulation shall be incorporated in the

installation, in which case this shall be fully effective and

automatic in operation.

I1R.1.2. Length of Discharge llose. - The length of the
discharge hose on a stationary motor-fuel device shall
not exceed 5.5 m (18 ft), measured from the outside of
the housing of the device to the inlet end of the discharge

nozzle, unless it can be demonstrated that a longer hose

is essential to permit deliveries to be made to receiving
vehicles or vessels. Unnecessarily remote location of a
device shall not be accepted as justification for an

abnormally long hose.
(Amended 1991)

UR.2. Use Requirements.

UR.2.1. Return of Indication and Recording
Elements to Zero. - The primary indicating elements

(visual), and the primary recording elements when these

are returnable to zero. shall be returned to zero before

each delivery.

UR.2.2. Condition of Fill of Discharge Hose. - The

discharge hose shall be completely filled with liquid
before the "zero" condition is established prior to the

start of a commercial delivery, whether this condition is

established by resefting the primary indicating elements

Acceptance
Tolerance

Mahtenance
Tolerance

Normal Tests 0.6% r.0%

Special Tests r.0% r.0%
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to zero indication or by recording the indications of the
primary indicating elements. (Also see IIR.2.1.)

UR.2.3. Vapor-Return Line. - During any metered
deüvery of liquefied pekoleum gas from a supplier's tank
to a receiving container, there shall be no vapor-rehrrn
line from the receiving container to the supplier's tank:

(a) in the case of any receiving container to which
normal deliveries can be made without the use of
such vapor-return line, or

(b) in the case of any new receivirg container when the

ambient temperature is below 90 "F.

t1R.2.4. Temperature Compensation.

IJR.2.4.1. Use of Automatic Temperature
Compensators. - If a device is equipped with an

automatic temperature compensator, this shall be

connected, operable, and in use at all times. Such
automatic temperature compensator may not be
removed, nor may a compensated device be replaced
with an uncompensated device, without the written

, approval of the weights and measrues authority having
jurisdiction over the device.

UR.2.4.2. Temperature Compensated Sale. - All
sales of liquefied petroleum gas in a liquid state, when
the quantity is determined by an approved measuring
system equipped with a temperature compensating
mechanism, or by weight and converted to liters or
gallons, or by a calibrated container, shall be in terms
of liters at 15 'C or the United States gallon of 231 iur
at 60 "F.
(Added 1984)

t1R.2.4.3. Invoices. - Any invoice based on a reading
of a device that is equipped with an automatic
temperature compensator or based on a weight
converted to gallons, or based on the volume of a cali-
brated container, shall have shown thereon that the
volume delivered has been adjusted to the volume at
t5 "c (60 "F).
(Amended 1984)

UR..z.4.4. Automated Temperature-Compensating
Systems. - Means for determining the temperature of
measured liquid in an automatic temperature-
compensating system shall be so designed and located
that, in any "usual and customary" use of the system,

3.32. LPG and Anhydrous Arnmonia Liquid-Measuring Devices

the resulting indications and/or recorded
representations are within applicable tolerances.
(Added 1987)

1JR.2.5. Ticket in Printing Device. - A ticket shall not
be inserted into a device equipped with a ticket printer
until immediately before a delivery is begun, and in no
case shall a ticket be in the device when the vehicle is in
motion while on a public sfreet, highway, or
thoroughfare.

UR.2.6. Ticket Printer; Customer Ticket. - Vehicle-
mounted metering systems shall be equipped with a

ticket printer. The ticket printer shall be used for all
sales; a copy ofthe ticket issued by the device shall be
left with the customer at the time of deliverv.
(Added 1992)
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Sec. 3.33. Hvdrocarbon Gas

A. Application

4.1. - This code applies to devices used for the measure-

ment of hydrocarbon gas in the vapor state, such as

propane, propylene, butanes, butylenes, ethane, methane,

natural gas and any other hydrocarbon gas/air mix.
(Amended 1984, 1986, 1988, 1991)

4.2. - This code does not apply to:

(a) Liquid-measuring devices used for dispensing

liquefied petroleum gases in liquid form (for which
see Sec. 3.32; Code for Liquefied Petroleum Gas and

Anhydrous Ammonia Liquid-Measuring Devices).

(b) Natural, liquefred petroleum, and manufactured-gas-

vapor meters when these are operated in a public
utility system.

(c) Mass flow meters (see Sec. 3.37. Code for Mass Flow
Meters)
(Added 1994)

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.l. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements.

5.1.1.1. General. - A device shall be equipped with
a primary indicating element and may also be

equipped with a primary recording element.

S.1.1.2. Units. - A volume-measuring device shall

indicate, and record if equipped to record, its

deliveries in terms of cubic meters or cubic feet, or
multiple or decimal subdivisions of cubic meters or
cubic feet.
(Anrended 1912,1991)

3.33. Hydrocarbon Gas Vapor-Measuring Devices

Vapor-Measuring Devicesr

S.1.1.3. Value of Smallest Unit. - Volume-
Measuring Devices: The value of the smallest unit of
indicated delivery, and recorded delivery if the device

is equipped to record, shall not exceed:

(a) I m3 (1000 dm3) (100 ft 3) when the maximum
rated gas capacity is less than 100 m3/h

(10 000 ft3lh);

(b) 10 mJ (1000 ft 3) when the maximum rated gas

capacity is 280 m3/h (10 000 ff/h) up to but not
including 1700 m3/h (60 000 ft 3/h);

(c) 100 m3 (10 000 ft 3) when the maximum rated

gas capacity is 1700 mJlh (60 000 ft 3/h) or
more.

(Amended 1972, 1988, l99l)

S.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording
elements shall advance digitally or continuously and

be susceptible to advancement only by the mechanical

operation of the device.

S.1.1.5. Proving Indicator. - Devices rated less than

280 m3/h (10 000 ffÀ) gas capacþ shall be equipped

with a proving indicator measuring 0.025, 0.05, 0.1,

0.2, or 0.25 mr per revolution, (.1..,.2,5, or 10 ft 3 per

revolution) for testing the meter. Devices with larger

capacities shall be equipped as follows:

(a) Devices rated 280 m3 (10 000 ft 3) up to but not

including 1700 m3/h (60 000 fflh) gas capacíty

shall be equipped with a proving indicator
measuring not greater than I mr (100 ft 3) per

'revolution.

(b) Devices rated 1700 mrlh (60 000 ft 3/h) gas

capacity or more shall be equipped with a

proving indicator measuring not more than

l0 m3 (1000 ft3) per revolution.

lTitle chansed 1986.
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3.33. Hydrocarbon Gas Vapor-Measuring Devices

The test circle of the proving indicator shall be
divided into 10 equal parts. Additional subdivisions
of one or more of such equal parts may be made.

(Amended 1973 and 1988)

S.1.2. Graduations.

S.1.2.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.

S.1.2.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and in no case should it exceed 1.0 mm
(0.04 in) for indicating elements and 0.5 mm (0.02 in)
for proving ci¡cles.

S.1.2.3. Clear Interval Between Graduations. - The
clear interval shall be not less than 1.0 mm (0.04 in).
If the graduations are not parallel, the measurement
shall be made:

(a) along the line of relative movement between the
graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least throughout that portion of its length associated

with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used.

5.1.3.3. Width. - The width of the index of an

indicator in relation to the series of graduations with
which it is used shall be not sreater than:

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
graduations.

When the index of an indicator extends along the

entire length of a graduation, that portion of the index
of the indicator that may be brought into coincidence

with the graduation shall be of the same width
throughout the length of thc index that coincides with
the graduation.

5.1.3.4. Clearance. - The clearance befween the

index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. - Parallax effects shall be reduced

to the practicable minimum.

S.2. Design of Measuring Elements.

S.2.1. Pressure Regulation. - Except when measured as

a retail motor fuel, the vapor should be measured at a

normal gauge pressure (psig) of:
(Amended 1991)

(a) 2740 Pa f 685 Pa (11 in of water column
(0.40 psig) + 2.75 in of water column (0.10 psig))
for liquefied petroleum gas vapor; or

(b) 1744Pa+ 436Pa (7 in of water column (0.25 psig)
r 1 .7 5 in of water column (0.06 psig)) for natural
and manufactured gas.

When vapor is measured at a pressure other than what is
specified above for the specific product, a volume
multiplier shall be applied within the meter or to the

billing invoice based on the following equation:

VPM= AAP+GP
AAP + NGP

Where
VPM : Volume pressure multiplier
AAP : Assumed atmospheric pressure in psia

GP = Gauge pressure in pascal or psig
NGP : Normal gauge pressure in pascal or psig

The assumed atmospheric pressure is to be taken from
Tables 2 and2M.

When liquefied petroleum gas vapor is measured at a
pressure of 6900 Pa (1 psig) or more, the delivery
pressure shall be maintained within +1725 Pa

(+0.25 psig).

Pressure variations due to regulator lock off shall not
increase the operating pressure by more than25 percent.
(Amended 1980, 1984, 1991)

S.2.2. Provision for Sealing. - Adequate provision shall
be made for applying security seals in such a manner that
no adjustment may be made of any measurement

element.
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S.2.3. Maintenance of Vapor State. - A device shall be

so designed and installed that the product being

measured will remain in a vapor state during passage

through the meter.

5.2.4. Automatic Temperature Compensation. - A
device may be equipped with an adjustable automatic

means for adjusting the indication and regisfration of the

nreasured volume of vapor product to the volume at

l5 'c (60 "F).

S.3. Design of Discharge Lines

S.3.1. Diversion of Measured Vapor. - No means shall

be provided by which any measured vapor can be

diverted from the measuring chamber of the meter or the

discharge line therefrom.

S.4. Marking Requirements.

S.4.1. Limitations of Use. - If a device is intended to

measure accurately only products having particular

properties, or to measure accurately only under specific

installation or operating conditions, or to measure
,,accurately only when used in conjunction with specific

accessory equipment, these limitations shall be clearly

and permanently stated on the device.

S.4.2. Discharge Rates. - A volume-measuring device

shall be marked to show its rated gas capacity in cubic

meters per hour or cubic feet per hour.
(Amended 19'73,l99l)

S.4.3. Temperature Compensation. - If a device is

3.33. Hydrocarbon Gas Vapor-Measuring Devices

equipped with an automatic temperature compensator,

this shall be indicated on the badge or immediately

adjacent to the badge ofthe device and on the register.

S.4.4. Badge. - A badge affixed in a prominent position

on the front of the device shall show the manufacturer's
name, serial number and model number of the device,

and capacity rate ofthe device for the particular products
. that it was designed to meter as recommended by the

manufacturer.

N. Notes

N.l. Test Medium. - The device shall be tested with air or

the product to be measured.
(Amended 1991)

N.2. Temperature and Volume Change. - Care shouldbe
exercised to reduce to a minimum any volume changes.

The temperature of the air, bell-prover oil, and the meters

under test should be within I 'C (2 "F) of one another. The

devices should remain in the proving room for at least 16

hours before starting any proving operations to allow the

device temperature to approximate the temperature of the

proving device.

N.3. Test Drafts. - Except for low-flame tests, test drafts

shall be at least equal to one complete revolution of the

largest capacity proving indicator, and shall in no case be

less than 0.05 rd or 2 ff . All flow rates shall be controlled
by suitable outlet orifices.
(Amended 1973 and 1990)

N.4. Test Procedures. - If a device i"q çqutppe{ with an

Table 1.

Capacity of Low-Flow Test Rate Orifices
With Respeót to Device Capacity

Metric Units Inch-Pound Units

Rated Capacity Low-Flow Test Rate Rated Capacity Low-Flow Test Rate

Up to and including
7 ilL-. 

3lh

Over 7 m3/h up to and

including 14m3lt.

Over 14 n-rlh

0.007 m-3lh

0.014 m3/h

0.1%o of. capacily rate

Up to and including 250
ft3/h

Over 250 fflh up to and

including 500 fdlh

Over 500 fd/h

0.2s fÊlh

0.50 ft3lh

0.1%o of capacity rate

(Amended 1973)
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I

automatic temperature compensator, the proving device

reading shall be corrected to 15 'C (60 "F), using an

approved table.
(Amended 1972)

N.4.1. Normal Tests. - The normal test of a device shall
be made at a Íate not to exceed the capacify rate given on
the badge of the meter.
(Amended 1988)

N.4.1.1. Automatic Temperature Compensation. -
. If a device is equþed with an automatic temperature

compensator, the quantity of the test d¡aft indication
ofthe standard shall be corrected to 15 "C (60 "F).

N.4.2. Special Tests. - "Special" tests, to develop the
operating characteristics of a device, and any special
elements and accessorigs attached to or associated with
the device, shall be made as circumstances require. Any
test except as set forth in N.4.1. is a special test.

N.4.2.1. Slow Test. - The deuice shall be tested at a
rate not less than 20 percent of the marked capacity

rate, or (at the check rate) not less than the minimum
flow rate if marked on the device, whichever is less.
(Amended 1988)

N.4.2.2. Low-Flame Test. - The device shall be
tested at an extremely low-flow rate as. given in Table
1. The test shall consist ofpassing ai¡ at a pressure of
375 Pa (1.5 in water column) through the meter for
not less than 60 minutes. The metèr shall continue to
advance at the conclusion ofthe tgst period.

(A¡nended,l990, l99l)

N.4.2.3. Pressure Regulation Test. - On devices
operating at a pressure of 6900 Pa (l psig) or more, a
pressure regulation test shall be made at both the
minimum and maximum usç load to determine the
proper operation ofthe regulator and the proper sizing
of the piping and dispensing equipment. These tests

may include a test of 24 hours during which the
pressure is recorded.
(Added 1e8a)

N.5. Temperature Correction. - Corrections shall be
made for any changes in volume resulting from the
difference in air temperatures between time of passage

through the device and time of volumehic determination in
the proving device.

N.6. Frequency of Test. - A hydrocarbon gas vapor-
measuring device shall be tested before installation and

allowed to remain in service for 10 years from the time last

tested without being retested, unless a test is requested by:

(a) the purchaser of the product being metered,
(b) the seller of the product being metered, or
(c) the weights and measures official.

T. Tolerances

T.1. Tolerance Values on Normal Tests and on Special
Tests Other Than Low-Flame Tests. - Maintenance and

acceptance tolerances for hydrocarbon gas vapor-measuring

devices shall be 3 percent (1.03 proof) ofthe test d¡aft on
underregistration and 1.5 percent (0.985 proof) ofthe test
draft on overregistration.
(Amended 1981)

UR. User Requirements

uR.l. Installation Requirements.

UR.1.1. Capacity Rate. - A device shall be so installed
that the actual maximum flow rate will not exceed the

capacity rate except for short durations. If necessary,
means for flow regulation shall be incoqporated in the
installation, in which case this shall be fuþ effective and

automatic in operation.

UR.1.2. Leakage. - The metering system shall be
installed and maintained as a pressrue-tight and leak-free
system.

UR.2. Use Requirements.

UR.2.1. Automatic Temperature Compensation. - A
compensated device may not be replaced with an
uncompensated device without the written approval of
the weights and measures authority having jurisdiction

. over the device.

I1R.2.2. Invoices. - A customer purchasing hydrocarbon
gas measrued by a vapor meter for other than motor fuel
shall receive from the seller an invoice for each billing
period. The invoice shall clearþ and separately show the

following:

(a) The opening and closing meter readings and the
dates of those readings.

(b) The altitude correction factor.
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3.33. Hydrocarbon Gas Vapor-Measuring Devices

(c) The total cubic meters (cubic feet) billed, corrected lieu of the shut-off valve. All gas meter installations

for elevation. shall be provided with a test tee located adjacent to and

on the outlet side of the meter.

(d) The charge per cubic meter (cubic foot) after [Nonretroactiveasof January 1,1990.]
correction for elevation. (Added 1989)

(e) All periodic charges independent of the measured I1R.2.5. Use of Auxiliary Heated Vaporizer Systems.-

gas, such as meter charges, meter reading fees, Automatic temperature compensation shall be used on

service charges or a minimum charge for a hydrocarbon gas vapor meters equipped with an

minimumnumberofcubicmeters(cubicfeet). auxiliary heated vaporizer system unless there is

(Ð The total charge for the billing period.
sufficient length ofunderground piping to provide gas at

a uniform temperature to the meter inlet. When required
by weights and measures officials, a thermometer well

If the vapor meter is equipped with an automatic (appropriately protected against freezing) shall be

temperature compensator, or any other me¿ìns are used to installed immediately up-sheam of the meter.

compersate for temperature, the invoice shall show that (Added 1990)

the volume has been adjusted to the volume at 15 "C
(60 "F).
(Amended 1988, 1991)

UR.2.3. Correction for Elevation. - The metered

volume of gas shall be corrected for changes in the

atmospheric pressure with respect to elevation to the

standard pressure of 101.56 kPa (14,73 psia). The
appropriate altitude correction factor from Table 2M or
2 shall be used. (The table is modified from NIST Hand-

book 117.)
(Amended 1988)

Elevation correction factors (ACF) were obtained by
using the following equation:

ACF = GP oÍ gas + AAP

base pressure

where
GP : gauge pressuÍe

AAP : assumed atrnospheric pressure

base pressure : 101.560 kPa : 14.73 psia

2740Pa: l1 in of water column = 0.397 psig

l744Pa:7 in of water column:0.253 psig
(Added 1988)

UR.2.4. Valves ønd Test Tee. - All gas meter

instøllations shall be provided with a shut-off valve
located adjacent to and on the inlet side of the meter. In
the case of a single meter instqllation utilizing a liquefied
petroleum gas tank, the tank sertticevalve may be used in
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Table 2M. Corrections for Altihrde. Mehic Units

Elevation
(meters)

Altitude
Correction

Factor

Assumed
Ahnospheric

Pressure

Assumed Afmospheric
Pressure Plus

Gauge Pressure

2.74t<Pa

Gauge
Pressure

l.74T,Pa
Gauge

Pressure

(kPa)
2.74k}a
Gauge

Pressure

1.74?,Ia
Gauge

Pressure

above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above
above

-50 to 120
120 to 300
300 to 470
470 to 650
650 to 830
830 to 1020

1020 to l2l0
l2l0 to 1400
1400 to 1590
1590 to 1790
1790 to 2000
2000 to 2210
2210 to 2420
2420 to 2640
2640 to 2860
2860 to 3080
3080 to 3320
3320 to 3560
3560 to 3800
3800 to 4050
4050 to 43lO
4310 to 4580

r.02
1.00

0.98
0.96

0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80
0.78
0.76
0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.60

l.0l
0.99
0.97
0.95
0.93
0.91
0.89
0.87
0.85
0.83
0.81
0.79
0.77
0.75
0.73
0.71
0.69
0.67
0.65
0.63
0.61
0.s9

100.85
98.82
96.79
94.76
92.73
90.70
88.66
86.63
84.60
82.57
80.54
78.51
76.48
74.45
72.41
70.38
68.35
66.32
64.29
62.26
60.23

58.20

103.59
101.56
99.53

97.50
95.47

93.44
91.40
89.37
87.34
85.31
83.28
81.25
79.22
77.19
75.15
73.12

7r.09
69.06
67.03
65.00
62.97
60.94

102.58
100.54

98.51
96.48

94.45
92.42
90.39
88.36
86.33
84.29
82.26
80.23
78.20
76.t7
74.1s
72.12
70.08
68.05
66.01
63.98
61.9s
59.92
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Table 2. Corrections for Altitude, Inch-Pound Units

Assumed Atmospheric
Pressure Plus Gauge

Pressure

Altitude
Correction

Factor

14.89
t4.60
14.30
t4.01
13.71

13.42
13.t2
72.83
12.53

12.24
71.94
11.65
11.35
11.06
10.76
10.47
10.17
9.88
9.58
9.29
9.00
8.70

1.01

0.99
0.97
0.95
0.93
0.9r
0.89
0.87
0.85
0.83
0.81
0.79
0.77
0.75
0.73
0.7r
0.69
0.67
0.65
0.63
0.61
0.59

14.64
14.35

14.05

13.76
13.46
13.17
t2.87
12.58
12.28
11.99
lt.69
11.40
1 1.10
10.81

10.51

10.22
9.92
9.63
9.33
9.04
8.75
8.45

15.04

14.74

14.45

14.15

13.86

13.56
13.27

t2.97
12.68

72.38
12.09
t1.79
11.50
tl.20
10.91

10.61

10.32
10.03

9.73
9.44
9.14
8.85

above
above
above
above
above
above
above
above
above
above
above
above
above
above

above
above
above
above
above
above
above

-150 to 400
400 to 950

950 to 1550

1550 to 2100

2100 to 2700
2700 to 3300

3300 to 3950

3950 to 4550
4550 to 5200
5200 to 5850

5850 to 6500

6500 to 7200
7200 to 7900

7900 to 8600

8600 to 9350

9350 to 10 100

l0 100 to 10 850

l0 850 to 1 I 650

1 I 650 to 12 450
12 450 to 13 250
13 250 to 14 100

14 100 to 14 950

t.02
1.00

0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80
0.78
0.76
0,74
0.72
0.70
0.68
0.66
0.64
0.62
0.60
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Sec. 3.34. Cryogenic Liquid-Measuring
Devices

A. Application

4.1. - This code applies to devices used for the measure-

ment of cryogenic liquids such as, but not limited to
oxygen, nitogen, hydrogen, and argon.

(Amended 1986 and 1995)

4.2. - This code does not apply to the following:

(a) Devices used for dispensing liquefred petroleum gases

(for which see Sec. 3.32; Code for Liquefied
Petroleum Gas and Anhydrous Ammonia Liquid-
Measuring Devices).

(b) Devices used solely for dispensing a product þ
connection with operations in which the amount dis-
pensed does not affect customer charges.

(c) Devices used solely for dispensing liquefied natural
gas.

(d) mass flow meters (see Sec. 3.37. Code for Mass Flow
Meters)
(Added 1994)

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements and

of Recorded Representations.

S.1.1. Primary Elements.

5.1.1.1. General. - A device shall be equþed with
a primary indicating element and may also be

equipped with a primary recording element.

5.1.1.2. Units. - A device shall indicate and record, if
equipped to record, its deliveries in terms of: liters or
gallons of liquid at the normal boiling point of the

specific cryogenic product; cubic meters (cubic feet)

of gas at a normal temperature of 2 I " C (70 'F) and

an absolute pressure of 101.325 l<Pa(14.696 psia); or

decimal subdivisions or multiples of the measured

units cited above.

S.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated delivery, and recorded

delivery, if the device is equipped to record, shall not

exceed the equivalent of:

(a) for small delivery devices
(l) rL
(2) 0.1 gal
(3) 0.1 m3 of gas

(4) l0 fÉ ofgas

(b) for large delivery devices
(1) 10L
(2) 1 gal
(3) I m3 of gas

(4) 100 fd ofgas

3.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording
elements shall be susceptible to advancement only by
the normal operation of the device. However, a

device may be cleared by advancing its elements to

zero, but only if:

(a) the advalcing moüement, once itartéd, cannot

be stopped until zero is reached, or

(b) in the case of indicating elements only, such

elements are automatically obscured until the

elements reach the correct zero position.

5.1.1.5. Return to Zero. - Primary indicating and

recording elements shall be readily returnable to a

definite zero indication. Means shall be provided to

prevent the return of primary indicating elements and

of primary recording elements beyond thei¡ correct
zero position.

S.1.2. Graduations.

S.1.2.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.
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5.1.2.2. \ilidth. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case
be less than 0.2 mm (0.008 in) in width.

S.1.2.3. Clear Interval Between Graduations. - The
clear interval shall be no less than 1.0 mm (0.04 in).
If the graduations are not parallel, the measurement
shall be made:

(a) along the line of relative movement between the
graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

(See also S.1.3.6.)

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmehical with respect to the graduations, at
least throughout that portion of its length associated
with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
unless the indicator and the graduations are in the
same plane, in which case the distance between the
end ofthe indicator and the ends ofthe graduations,
measured along the line of the graduations, shall be
not more than 1.0 mm (0.04 in).

5.1.3.3. \ilidth. - The width of the index of an
indicator in relation to the series of graduations with
which it is used shall be not sreater than:

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
graduations.

When the index of an indicator extends along the
entire length of a graduation, that portion of the index
of the indicator that may be brought into coincidence
with the graduation shall be of the same width
throughout the length of the index that coincides with
the eraduation.

5.1.3.4. Clearance. - The clearance between the
index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

5.1.3.5. Parallax. - Parallax effect shall be reduced to
the practicable minimum.

S.1.3.6. Travel of Indicator. - If the most sensitive
element of the primary indicating element utilizes an
indicator and graduations, the relative movement of
these parts corresponding to the smallest indicated
value shall be not less than 0.5 mm (0.20 in),

S.1.4. Computing-Type Device.

5.1.4.1. Printed Ticket. - Any printed ticket issued
by a device of the computing type on which there is
printed the total computed price shall have printed
clearly thereon also the total quantity ofthe delivery
and the price per unit.

3.1.4.2. Money-Value Computations. - Money-
value computations shall be of the full-computing type
in which the money value at a single unit price, or at
each of a series of unit prices, :shall be computed for
every delivery within either the range of measurement
of the device or the range of the computing elements,
whichever is less. Value graduations shall be supplied
and shall be accurately positioned. The total price
shall be computed on the basis of the quantity
indicated when the value of the smallest division
indicated is equal to or less than the values specified
in S.1.1.3.

S.1.4.3. Money Values--Mathematical Agreement.
- Any digital money-value indication and any
recorded money value on a computing type device
shall be in mathematical agreement with its associated
quantity indication or representation to within one
cent of money value.

S.2. Design of Measuring Elements.

S.2.1. Vapor Elimination. - A measuring system shall
be equipped with an effective vapor eliminator or other
effective means to prevent the measu¡ement of vapor that
will cause errors in excess ofthe applicable tolerances.
(See Section T. Tolerances)

S.2.2. Directional Flow Valves. - A valve or valves or
other effective means, automafic in operation, to prevent
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the reversal offlow shall be installed in or adjacent to the

measurilg device.

(Amended 1978)

S.2.3. Maintenance of LÍquid State' - A device shall be

so desigaed that the product being measured will remain

in a liquid state during passage through the device'

S.2.4. Automatic Temperature or Density

Compensation. - A device shall be equipped with

automatic means for adjusting the indication and/or

recorded representation of the measured quantity of the

product, to indicate and/or record in terms of: kilograms

àr pouttds; liters or gallons of liquid at the normal boiling

point of the specihc cryogenic produc! or the equivalent

cubic meters (cubic feet) of gas at a normal temperature

of 2l "C (70 'F) and an absolute pressure of
101.325 kPa (14.696 lb/in2 absolute)' llhen ct

compensator system malfunctions, the indicating ønd

recortling elements may indicate and record in

uncompensated volume if the mode of operation is

clearly indicated, e.g., by a marked annunciator,

recorded slatement, or other obvious means'x

[*Nonretroactive as of January I, ]992'l
(Amended'1991)

S.2.5. Provision for Sealing. - Adequate provision shall

be made for applying securiry seals in such a manner that

no adjustment or interchange may be made of:

(a) any measurement element,

(b) any adjustable element for contolling delivery rate

w-hEn 5uch rate tends to affect the accuracy of
deliveries, and

(c) any automatic temperature or density conrpensating

system.

Any adjusting mechanism shall be readily accessible for

purposes ofaffixing a security seal.

S.3. Design of Discharge Lines and Discharge Line

Valves.

S.3.1. Diversion of Measured Liquid' - No means shall

be provided by which any measured liquid can be

diverted from the measuring chamber of the device or

the discharge line therefrom, except that a manually

controlled outlet that may be opened for purging or

draining the measuring system shall be permitted'

Effective means shall be provided to prevent the passage

of liquid through any such outlet duri¡g normal

3.34. Cryogenic Liquid-Measuring Devices

operation of the device and to indicate clearly and

unmistakably when the valve controls are so set as to

permit passage of liquid through such outlet'

S.3.2. Discharge Hose. - The discharge hose of a

measuring system shall be of the completely draining

dry-hose type.

S.4. Level Condition, On-Board Weighing Systems' -

Provision shall be made for automatically inhibiting the

delivery of a cryogenic liquid when the vehicle is out of

level beyond the limit required for the performance to be

within applicable tolerance'
(Added 1986)

S.5. Marking Requirements.

S.5.1. Limitation of Use. - If a measuring system is

intended to measure accurately only liquids having

particular properfies, or to measure accwately only under

specific installation or operating conditions, or to

Å"urrlr" accurately only when used in conjunction with

specific accessory equipment, these limitations shall be

clearly and permanently marked on the device'

S.5.2. Discharge Rates. - A meter shall be marked to

show its designed maximum and minimum discharge

rates.

S.5.3. Temperature or Density Compensation' -

Devices equipped with an automatic temperature or

density compensatot, shall be clearly and conspicuously

marked on the primary indicating elements, recording

elements, and recorded representations to show that the

quantity delivered has been ádjustéd to tlie cõñditions

specified in S.2'4'

N. Notes

N.1. Test Liquid. - A meter shall be tested with the liquid

to be commercially measured except that, in a type

evaluation examination, nitrogen may be used'

N.2. Vaporization and Volume Change' - Care shall be

exercised to reduce to a minimum vaporization and volume

changes. When testing by weight, the weigh tank and

transfer systems shall be precooled to liquid temperature

prior to the start of the test to avoid the venting of vapor

from the vessel being weighed.
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N.3. Test Drafts.

N.3.1. Gravimetric Test. - Weight test drafts shall be

equal to at least the amount delivered by the device in
two minutes at its maximum discharge rate, and shall in
no case be less than 907 kg (2000 lb).

N.3.2. Transfer Standard Test. - When comparing a

meter with a calibrated hansfer standard, the test draft
shall be equal to at least the amount delivered by the
device in two minutes at its maximum discharge rate, and

shall in no case be less than I 80 L (50 gal) or equivalent
thereof. When testing uncompensated volumetric meters
in a continuous recycle mode, appropriate corrections
shall be applied if product conditions are abnormally
affected by this test mode.
(Amended 1976)

N.4. Density. - Temperature and pressure of the metered
test liquid shall be measured during the test for the
determination of density or volume correcfion factors when
applicable. For Liquid Density and Volume Correction
Factors (with respect to temperature and pressure) the
following publication shall apply: "Thermophysical
Properties of Fluids. L Argon, Ethylene, Parahydrogen,
Nitogen, Nitrogen Trifluoride, and Oxygen," published in
the Journal of Physical and Chemical Reference Data,
Volume ll, l9S2,Supplement No. 1, and published by the
American Chemical Society and the Ameiican Institute of
Physics for the National Institute of Standards and
Technology.
(Amended 1986)

N,5. !eq!i4g Pr-ocgduleç,

N.5.1. Normal Tests. - The "normal" tests of a device
shall be made over arange of discharge rates that may be

anticipated under the conditions of installation.

N.5.2. Special Tests. - Any test except as set forth in
N.5.1. shall be considered a "special" test. Tests shall be

conducted, if possible, to evaluate any special elements
or accessories attached to or associated with the device.
A device shall be tested at a minimum discharge rate of:

(a) 50 percent of the maximum discharge rate

developed under the conditions of installation, or
the minimum discharge rate marked on the device,
whichever is less, or

(b) the lowest discharge rate practicable under
conditions of i¡stallation,

Special tests may be conducted to develop any
characteristics of the device that are not normally
anticipated under the conditions of installation as cir-
cumstances require,

N.6. Temperature Correction. - Corrections shall be

made for any changes in volume resulting from the

differences in liquid temperature between time of passage

through the meter and time of volumehic determination of
test draft.

N.7. Automatic Temperature or Density Compensation.
- When a device is equipped with an automatic temperature
or density compensator, the compensator shall be tested by
comparing the quantþ indicated or recorded by the device
(with the compensator connected and operating) with the
actual delivered quantity corrected to the normal boiling
point of the cryogenic product being measured or to the
normal temperature and pressure as applicable.

T. Tolerances

T.1. Application.

T.1.1. To Underregistration and to Overregistration.
- The tolerances hereinafter prescribed shall be applied to
errors of underregistation and errors of overregistration.

T.2. Tolerance Values.

T.2.1. On Normal Tests. - The maintenance tolerance
on "normal" tests shall be two and one-half percent
(2.5%) of the indicated quantity. The acceptance

tolerance shall be one and one-half percent (1.5%) of the
indicated quantity.

T.2.2. On Special Tests. - The maintenance and

acceptance tolerance on "special" tests shall be two and

one-half perc ent (2. 5%) of the indicated quantity.

T.3. On Tests Using Transfer Standards. - To the basic
tolerance values that would otherwise be applied, there shall
be added an amount equal to two times the standard
deviation of the applicable transfer standard when
compared to a basic reference standard.
(Added 1976)

3-46



UR. User Requirements

UR.l. Installation Requirements.

tJR.l.1. Discharge Rate. - A device shall be so installed

that the actual maximum discharge rate will not exceed

the rated maximum discharge rate. If necessary, means

for flow regulation shall be incorporated in the

installation.

UR.1.2. Length of Discharge Hose. - The discharge

hose shall be of such a length and design as to keep

vaporization of the liquid to a minimum.

UR.1.3. Maintenance of Liquid State. - A device shall
be so installed and operated that the product being
measured shall remain in the liquid state during passage

through the meter.

UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording
Elements to Zero, - The primary indicating elements

(visual) and the primary recording elements shall be

returnedto zero immediately before each delivery.

VR.2.2; I 'Condition of Discharge System. - The

discharge systerrL up to the measuring element, shall be

precooled to liquid temperatures before a "zero"
condition is established prior to the start of a commercial
delivery.

UR.2.3. Vapor Return Line. - A vapor return line shall

not be used during a metered delivery.
(Amended 1976)

UR.2.4. Drainage of Discharge Line. - On a dry-hose
system, upon completion of a delivery, the vendor shall
leave the discharge line connected to the receiving
container with the valve adjacent to the meter in the

closed position and the valve at the discharge line outlet
in the open position for a period ofat least

(a) I minute for small delivery devices, and

(b) 3 minutes for large delivery devices,

to allow vaporization of some product in the discharge

line to force the remainder of the product in the line to
flow into the receiving container.
(Amended 1976)

3.34. Cryogenic Liquid-Measuring Devices

uR.2.5. Conversion Factors. - Established conversion
values (see references in N.4.) shall be used whenever
metered liquids are to be billed in terms of:

(Ð kilograms or pounds based on a meter indication of
liters, gallons, cubic meters of gas, or cubic feet of
gas; or,

(b) cubic meters or cubic feet of gas based on a meter
indicafion of liters or gallons, kilograms, or pounds;

of'

(c) liters or gallons based on a meter indication of
kilograms or pounds, cubic meters of gas or cubic
feet of gas.

All sales of cryogenic liquids shall be based on either
kilograms or pounds, liters or gallons at NBPr, cubic
meters of gas or cubic feet of gas atNTP'.
(Amended 1986)

UR.2.6. Temperature or Density Compensation.

UR.2.6.1. Use of Automatic Temperature or
Density Compensators. - If a device is equþed with
an automatic temperature or density compensator, this
shall be connected, operable, and in use at all times.

Such automatic temperature or density compensator

may not be removed, nor may a compensated device

be replaced with an uncompensated device, without
the written approval of the weights and measures

authority having jurisdiction over the device.

IJR.2.6.2. Tickets or Invoices. - Any written invoice
orprinted ticketbased on a reading ofa device that is

equipped with an automatic temperature or density

compensator shall have shown thereon that the

quantity delivered has been adjusted to the quantity at

the NBP of the specific cryogenic product or the

equivalent volume of gas at NTP.

IJR.2.6.3. Printed Ticket. - Any printed ticket issued

by a device of the computing type on which there is

printed the total computed price, the total quantity of
the delivery, or the price per unit, shall also show the

other two values (either printed or in clear hand

script).

UR.2.6.4. Ticket in Printing Device. - A ticket shall

not be inserted into a device equipped with a ticket
prínter until immediately before a delivery is begun,

J-+ |

'See Appendix D, Definitions.



3.34. Cryogenic Liquid-Measuring Devices

and in no case shall a ticket be in the device when the
vehicle is in motion while on a public stoeet, highway,
or thoroughfare,

t1R.2.7. Pressure of Tanks with Volumetric Metering
Systems without Temperature Compensation. - When
the satu¡ation pressure of the product in the vendor's tank
exceeds 240 kPa (35 psia), a conection shall be applied
to the written invoice or printed ticket using the
appropriate tables as listed in N.4.; or the saturation
pressnre shall be reduced to 207 kJa (30 psia) (if this can
be safely accomplished) prior to making a delivery.
(Added 1976)

3-48



3.35. Milk Meters

Sec. 3.35. Milk Meters

A. Application

4.1. - This code applies to devices used for the

measurement of milk; generally applicable to, but not

limited to, meters used in dairies, milk processing plants,

and cheese factories, to measure incoming bulk milk.

4.2. - See also Sec. 1.10; General Code requirements.

4.3. - This code does not apply to mass flow meters (see

Sec. 3.37. Code for Mass Flow Meters).
(Added 1994)

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements

5.1.1.1. General. - A meter shall be equipped with a
primary indicating element and may also be equipped
with a primary recording element.

S.1.1.2. Units. -

(a) A meter shall indicate, and record if the meter is
equipped to record, its deliveries in terms of
liters or gailons. Fractional parts of the liter
shall be in terms of decimal subdivisions.
Fractional parts of the gallon shall be in terms of
either decimal or binary subdivisions.

(b) When it is an industry practice to purchase and

sell milk by weight based upon 1.03 kg/L
(8.6 lb/gal), the primary indicating element may

indicate in kilograms or pounds. The weight
value division shall be a decimal multiple or
submultiple of 1, 2, or 5. Fractional parts of
the kilogram or pound shall be in decimal

subdivisions. (See S.4.5.)

5.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated quantity and recorded
quantity, if the meter is equipped to record, shall not
exceed the equivalent of:

(a) 0.5 L or 5 kg (l pt or 1 lb) when measuring
quantities less than or equal to 4000 L or 4000

kg (1000 gal or 8600 lb), or

(b) 5 L or 5 kg (1 gal or 10 lb) when measuring
quantities in excess of 4000 L or 4000 kg
(1000 gal or 8600 lb).

(Amended 1989)

S.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording

elements shall be susceptible to advancement only by
the mechanical operation of the meter. However, a
meter may be cleared by advancing its elements to

zero, but only if:

(a) the advancing movement, once stafed, cannot
be stopped until zero is reached, or

(b) in the case of indicating elements only, such

elements are automatically obscured until the

elements reach the correct zero position.

5.1.1.5. Return to Zero. - Primary indicating
elements and primary recording elements, if the

device is equipped to recotd, shall be readily
returnable to a defurite zero indication. Means shall

be provided to prevent the return of the primary
indicating elements and the primary,-recording
elements, if the device is so equipped, beyond their
correct zero position.

S.f .f .6. Indication of Measurement. A meter shall

be constructed to show automatically its initial zero

condition and the volume measured up to the nominal
capacity of the device.

S.1.2. Graduations.

5.1.2.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.
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5.1.2.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater then
the width of the minimum clear interval between
graduations, and the width of main graduations shall

,.þe nptmpre than 50 pçrçent greatçr than.the width of
subordinate graduations. Graduations shall in no case
be less than 0.2 mm (0.008 in) in width.

S.1.2.3. Clear Interval Between Graduations. - The
clear interval shall be not less than 1.0 mm (0.04 in).
If the graduations are not parallel, the measurement
shall be made:

(a) along the line of relative movement between the
graduations at the end of the indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least throughout that portion of its length associated
with the graduations.

S.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
unless the indicator and the graduations are in the
same plane, in which case the distance between the
end of the indicator and the ends of the graduations,
measured along the line of graduations, shall be not
more than 1.0 mm (0.04 in).

--5;1:33; Width:-: The ividth of the index of an
indicator in relation to the series of graduations with
which it is used shall be not greater than:

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
graduations.

'ühen the index of an indicator extends along the
entire length of a graduation, that portion of the index
of the indicator that may be brought into coincidence
with the graduation shall be of the same width
throughout the length of the index that coincides with
the graduation.

5.1.3.4. Clearance. - The clearance between the
index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

5.1.3.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

5.1.3.6. Travel of Indicator. - If the most sensitive
eleme¡t of the primary indicating element utilizes an
indicator and graduations, the relative movement of
these parts corresponding to the smallest indicated
value shall be not less than 5 mm (0.20 in).

S.1.4. Computing-Type Devices.

5.1.4.1. Display of Unit Price. - In a device of the
computìng type, means shall be provided for
displaying on the outside of the device, and in close
proximity to the display of the total computed price,
the price per unit at which the device is set to
compute.

5.1.4.2. Printed Ticket. - If a computing-type device
issues a printed ticket which displays the total
computed price, the ticket also shall have printed
clearly thereon the total quantity of the delivery, the
appropriate fraction of the quantity, and the price per
unit of quantity.
(Amended 1989)

5.1.4.3. Money-Value Computations. - Money-
value computations shall be of the full-computing type
in which the money value at a single unit price, or at
each ofa series ofunit prices, shall be computed for
every delivery within either the ¡¡nge of measu¡ement
of the device or the range of the computing elements,
whichever is less. Value graduations shall be supplied
and shall be accurately positioned. The value of each
graduated ihterval shall be I cent.

5.1.4.4. Money Values, Mathematical Agreement.
Any digital money-value indication and any recorded
money value on a computing-type device shall be in
mathematical agreement with its associated quantity
indicating or representation to within I cent of money
value.

S.2. Design of Measuring Elements.

S.2.1. Vapor Elimination. - A metering system shall be
equipped with an effective vapor eliminator or other
effective means automatic in operation to prevent the
passage of vapor and air through the meter. Vent lines
from the air (or vapor) eliminator shall be made of metal
tubing or some other suitably rigid material.
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S.2.2. Maintaining Flooded Conditiôn. - Thè vent on

the vapor eliminator shall be positioned or installed in
such a manner that the vapor eliminator carunot easily be

emptied between uses.

S.2.3. Provision for Sealing. - Adequate provision shall

be made for applying securify seals to the adjustrnent

mechanism and the register.

S.2.4. Directional Flow Valves. - Valves intended to

prevent reversal of flow shall be automatic in operation.

S.3. Design of Intake Lines.

S.3.1. Diversion of Liquid to be Measured. - No
means shall be provided by which any liquid can be

diverted from the supply tank to the receiving tank

without þsing measured by the device. A manually

contolled outlet that may be opened for purging or
draining the measuring system shall be permitted.

Effective means shall be provided to prevent passage of
liquid through any such outlet during normal operation

of tLe measuring system.

(Amended 1994)

S.3.2. Intake Hose. - The intake hose shall be:

(a) ofthe dry-hose type,

(b) adequately reinforced,

(c) not more than 6 m (20 fÐ in length unless it can be

demonshated that a longer hose is essential to

permir tansfer from a supply tank; 
_an$

(d) connected to the pump at horizontal or above to

permit complete drainage of the hose.

(Amended 1991)

S.4. Marking Requirements.

S.4.1. Limitation of Use. - If a meter is intended to
measure accurately only liquids having particular
properties, or to measure accurately only under specific

installation or operating conditions, or to measure

accurately only when used in conjunction with specific

accessory equipment, these limitations shall be clearly
and permanently stated on the meter.

S.4.2. Discharge Rates. - A meter shall be marked to

show its designed maximum and minimum discharge

rates. However, the minimum discharge rate shall not
exceed 20 percent of the maximum discharge rate.

3.35. Milk Meters

S.4.3. Measuiing Components. - All components that

affect the measu¡ement of milk that are disassembled for
cleaning purposes shall be clearly and permanently

identifiedwith a common serial number.

S.4.4. Flood Volume. - When applicable, the volume of
product (to the nearest minimum division of the meter)

necessary to flood the system when dry shallbe clearly,

conspicuously, and permanently marked'on the air
eliminator.

S.4.5. Conversion Factor. - When the conversion factor

of 1.03 kg/L (8.6 lbigal) is used to convert the volume of
milk to weight, the conversion factor shall be clearly

marked on the primary indicating element and recorded

on the delivery ticket.

N. Notes

N.1. Test Liquid.

(a) A meter shall be tested with the liquid to be

commercially measured or with a liquid of the same

general physical characteristics. Following a satis-

factory examination, the weights andmeasures official
should attach a seal or tag indicating the product used

during the test.
(Amended 1989)

(b) A milk meaSuring system shall be tested with the

type of milk to be measured when the accuracy

ofthe system is affected by the cha¡acteristics of
milk (e.g., positive displacement meters).

(âdded l2ge)

N.2. Evaporation and Volume Change. - Care shall be

exercised to reduce to a minimum, evaporation losses and

volume changes resulting from changes in temperature of
the test liquid.

N.2.1. Temperature Correction. - Corrections shall be

made for any changes in volume resulting from the

differences in liquid tempëratures between time of
passage tbrough ttre meter and time of volumetric deter-

mination in the test measure. When adjustnents are

necessary, appropriate tables should be used.

N.3. Test Drafts. - Test drafts should be equal to at least

the amount delivered by the device in one minute at its
maximum discharge rate, and shall in no case be less than

400 L or 400 kg (100 gal or 1000 lb).
(Amended 1989)
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I

,',. ' N.4. Testing Procedures.

N.4.1. Normal Tests. - The "normal" test of a meter
shall be made at the maximum discharge rate that may be
anticþated under the conditions of the installation. The
"normal" test shall include a determination of the
effectiveness of the air elimination system.

N.4.2. Special Tests. - "Special" tests to develop the
operating characteristics of a meter and any special
elements and accessories atøched to or associated with
the meter, shall be made as circumstances require. Any
test except as set forth in N.4.1. shall be considered a
special test.

N.4.3. System Capacity. - The test of a milk-metering
system shall include the verification of the volume of
product necessary to flood the system as marked on the
air eliminator.

T. Tolerances

T.1. Application.

T.1.1. To Underregistration and to Overregistration.
- The tolerances hereinafter prescribed shall be applied to
errors of underregishation and errors of overregishation.

T.2. Tolerance Values. - Maintenance and acceptance
tolerances shall be as shown in Table l.
(Amended 1989)

UR. User Requirements

UR.l. Installation Requirements.

LIR.1.1. Plumb and Level Condition. - A device
installed in a fixed location shall be installed plumb and
level, and the installation shall be sufficiently shong and
rigid to maintain this condition.

IlR1.2. Discharge Rate. - A meter shall be so installed
that the actual maximum discharge rate will not exceed
the rated maximum discharge rate. If necessary, means
for flow regulation shall be incorporated in the
installation, in which case this shall be fully effective and
automatic in operation.

uR.13. Unit Price. - There shall be displayed on the face
of a device of the computing type the unit price at which the
device is set to compute.

IJR.1.4. Intake Hose. - The intake hose shall be so
installed as to permit complete drainage and that all
available product is measured following each hansfer.

tiR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording
Elements to Zero. - The primary indicating elements
(visual), and the primary recording elements when these
are retumable to zero, shall be returned to zero before
each transfer.

UR.2.2. Printed Ticket. - Any printed ticket issued by
a device of the comprrting type on wbich there is printed
the total computed price, the total quantity, or the price
per unit of quantity, shall also show the other two values
(either printed or in clear script).
(Amended 1989)

uR.2.3. Ticket in Printing Device. - A ticket shall not
be inserted into a device equipped with a ticket printer
until immediately before a tansfer is begun. If the meter
is mounted on a vehicle, in no case shall a ticket be in the
device when the vehicle is in motion while on a public
street, highway, or thoroughfare.

UR.2.4. Credit for Flood Volume. - The volume of
product necessary to flood the system as marked on the
air eliminator shall be individually recorded on the ticket
of each tansfer affected.

100

200

300

400

500

Over 500

0.9

1.1

1.3

Add 0.002 gal-
lon per indicated
gallon over 500

0.3

0.4

0.5

0.6

0.7

Add 0.001 gal-
lon per indi-
cated gallon

over 500

(Added 1989)
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3.36. Water Meters

I

Sec. 3.36. \Mater Meters

A. Application

A.l. - This code applies to devices used for the

measurement of water; generally applicable to, but not

limited to, utilities type meters installed in homes or

business establishments and meters installed in batching

systems.

4.2. - This code does not aPPIY to:

(a) water meters mounted on vehicle tanks (for which see

Sec. 3.31; Code for Vehicle-Tank Meters).

(b) mass flow meters (see Sec. 3.37. Code for Mass Flow

Meters)
(Added 1994)

4.3. - See also Sec. l.l0; General Code requirements-

S. Specifications

S.1. Design of Indicating and Recording Elements and

of Recorded RePresentations.

S.1.1. Primary Elements.

S.1.1.1. General. - A water meter shall be equipped

with a prünary indicating element and may also be

equipped with a primary recording element.

5.1.1.2. Units. - A water meter shall indicate and

record, if the device is equipped to record, its
deliveries in terms of liters, gallons or cubic feet or

binary or decimal subdivisions thereof except batch

plant meters, which shall indicate deliveries in terms

of liters, gallons or decimal subdivisions of the liter or

gallon only.

S.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated delivery and recorded

delivery, if the device is equipped to record, shall not

exceed the equivalent of:

(a) 50 L (10 gal) on utility type meters,

(b) O.2 L (lll0 gal) on batching meters delivering
less than 375Lknin(100 gaVmin)' or

(c) 5 L (l gal) on batching meters delivering

37 5 Llmin( 100 gaVmin) or more.

S.1.f .4. Advancement of Indicating and Recording

Elements. - Primary indicating and recording

elements shall be susceptible to advancement only by
the mechanical operation of the device.

5.1.1.5. Return to Zero. - If the meter is so designed

that the primary indicating elements are readiþ retum-

able to a definite zero indication, means shall be

provided to prevent the return of these elements

beyond their correct zero position'

S.1.2. Graduations.

5.1.2.1. Length. - Graduations shall be so varied in

length that they may be conveniently read.

5.1.2.2. Width. - In any series of graduations, the

width of a graduation shall in no case be greater than

the width of the minimum clear interval between

graduations, and the width of main graduations shall

be not more than 50 percent greater than the width of
subordinate gradualions. G¡adu4tig4¡--fu1! in no case

be less than 0.2 mm (0.008 in) in width.

5.1.2.3. Clear Interval Between Graduations. - The

clear interval shall not be less than 1.0 mm (0.0a in).

If the graduations are not parallel, the measurement

shall be made:

(a) along the line of relative movement between the

graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall

be symmetrical with respect to the graduations, at
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least throughout that portion of its length associated
with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case
be less than 0.2 mm (0.008 in) in width.

5.1.2.3. Clear Interval Between Graduations. - The
clear interval shall not be less than 1.0 mm (0.04 in).
If the graduations are not parallel, the measurement
shall be made:

(a) along the line of relative movement between the
graduations at the end of the indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least throughout that portion of its length associated
with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
unless the indicator and the graduations are in the
same plane, in which case the distance between the
end ofthe indicator and the ends ofthe graduations,

* - measured along the line of the gÍâduatíons, shall be
not more than 1.0 mm (0.04 ir).- 

.

5.1.3.3. \ilidth. - The width of the index of an
indicator in relation to the series of graduations with
which it is used shall not be greater than:

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
graduations.

When the index of an indicator extends along the
entire length of a graduation, that portion of the index
of the indicator that may be brought into coincidence
with the graduation shall be of the same width
throughout the length of the index that coincides with
the graduation.

5;.1;3.4. Clearance; . The clearance between the
index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

5.1.3.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

S.2. Design of Measuring Elements.

S.2.1. Provision for Sealing. - Adequate provision shall
be made for applying security seals in such a manner that
no adjusünent may be made of

(a) any measurement elements, and

(b) any adjustable element for conftolling delivery rate
when such rate tends to affect the accuracv of
deliveries.

The adjusting mechanism shall be readily accessible for
purposes ofaffixing a security seal.

S.2.2. Batching Meters OnIy.

5.2.2.1. Air Elimination. - Batching meters shall be
equipped with an effective air eliminator.

5.2.2.2. DÍreetional Flow Valves. - Valves intended
to prevent reversal of flow shall be automatic in
operation.

N. Notes

N.1. Test Liquid. - A meter shall be tested with water.

N.2. Evaporation and Volume Change. - Care shall be
exercised to reduce to a minimum, evaporation losses and
volume changes resulting from changes to temperature of
the test liquid.

N.3. Test Drafts. - Test drafts should be equal to at least
the amount delivered by the device in 2 minutes and in no
case less than the amount delivered by the device in
I minute at the actual maximum flow rate developed by the
installation. The test drafts shown in Table 1, next page,
shall be followed as closely as possible.

N.4. Testing Procedures.

N.4.1. Normal Tests. The normal test of a meter shall
be made at the maximum discharge rate deveþed by the
installation. Meters with maximum gallon per minute
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ratings higher than Table I values may be tested up to
the meter rating.
(Amended 1990)

N-4.2., S-BeciaI Teqt-ç, - Spp,ç¡_al -tpçtp to 4Cy_e.lop Ée
operating characteristics of meters may be made
accordiag to the rates and quantities shown in Table 2.

N.4.3. Batching Meter Tests. - Tests on batching
meters should be conducted at the maximum and
intermediate rates only.

T. Tolerances

T.1. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table I and Table 2.

UR User Requirements

UR.l. Batching Meters Only.

IJRl.l. Strainer. - A filter or shainer shall be provided
if it is deterrrined that the water contains excessive
amounts of foreign material.

3.36. Water Meters

TIR.1;2; Sipùon Breaker. - An automatic siphon
breaker or other effective means shall be installed in the

discharge piping at the highest point of outlet, in no case

below the top of the meter, to prevent siphoning of the

r_r-rgtgl î¡¡d pgl{r¡t rapid drainagg of thc pipe or hose.

IJR.1.3. Provision for Testing. - Acceptable provisions
for testing shall be incorporated into all meter systems.

Such provisions shall include a two-way valve, or
manifold valving, and a pipe or hose installed in the

discharge line accessible to the proper positioning of the

test measure.

Table 1. Tolerances for Water Meters
Normal Tests

Meter size

(inches)
Rate of flow

(gaVmin)

MaximumRate

Meter
indication

Tolerance orr oVêt
and under-
regishation

gal tr

5/8

3/4

I

I t/2

2

4

6

l5

25

40

80

120

250

350

700

50

50

100

300

500

500

I 000

I 000

5

5

t0

40

40

50

100

100

t.5%

3-55



3.36. Water Meters

Table 2. Tolerances for Water Meters
Special Tests

Meter size
(inches)

Intennediate Rate MinimumRate

Rate of
flow
(eau
min)

Meter
indication Tolerance on

over- and un-
derregis-
tration

Rate of
flow
(eau
min)

Meter
indication

Tolerance

gal tr gal tr
Under-

regisha-
tion

Over-
regis-
tuation

5t8

3/4

I

I t/2

2

4

6

2

3

4

8

t5

20

40

60

l0

l0

10

50

50

50

100

100

I

1

I

5

5

5

10

10

1.5%

l/4

r/2

3/4

I r/2

2

4

1

t2

5

5

5

10

l0

t0

50

50

1

I

I

I

I

I

5

5

s.0% r.5%
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Sec. 3.37. Mass

A. Apptication

4.1. Liquids. - This code applies to devices that are

designed to dynamically measwe the mass, or the mass and

density of liquids. It also specifies the relevant

examinations and tests that are to be conducted.

(Amended 1997)

4.2. Vapor (Gases). - This code applies to devices that

are designed to dynamically measure the mass of
hydrocarbon gas in the vapor state. Examples of these

products are propane, propylene, butanes, butylenes,

ethane, methane, natu¡al gas and any other hydrocarbon
gas/air mix.

S. Specifications

S.1. Indicating and Recording Elements.

S.1.1. Indicating Elements. - A measuring assembly

shall include an indicating element. Indications shall be

clear, definite, accurate, and easily read under normal

conditions of operation of the instument.

S.1.2. Compressed Natural Gas Dispensers. - Except

for fleet sales and other price contract sales, a

compressed nafural gas dispenser used to refuel vehicles

shall be of the computing type and shall indicate the

quantity, the unit price, and the total price of each

delivery. The dispenser shall display the mass measured.

for each tansaction either continuously on an external or
internal display accessible during the inspection and test

of the dispenser, or display the quantity in mass units by
using contols on the device.
(Added l99a)

S.1.3. Units. -

5.1.3.1. Units of Measurement. - Deliveries shall be

indicated and recorded in grams, kilograms, meûic' 
tons, pounds, tons, and/or liters, gallons, quaß, pints

and decimal subdivisions thereof. The indication of a

delivery shall be on the basis of apparent mass versus

a density of 8.0 g/cm3. The volume indication shall

be based on the mass measurement and an automatic

me¿rns to determine and correct for changes in product

density.
(Amended 1993 and1997)

3.37. Mass Flow Meters

Flow Meters

. "-"-. .., s""-1,3,-Ll. c"o-mp-res.qed"N3-tual-Gac. Usç_4.,a"p"ar_r-."-.-

Engine Fuel. - When compressed natural gas is

dispensed as an engine fuel, the delivered quantity
shall be indicated in "gasoline liter equivalent
(GLE) units" or "gasoline gallon equivalent (GGE)

units" (see definitions).
(Added 1994)

5.1.3.2. Numerical Value of Quantity-Value
Divisions. - The value of a scale interval shall be

equal to:

. - 1,2, or 5, or

- a decimal multþle or submultiple of l, 2, or 5.

5.1.3.3. Maximum Value of Quantity-Value
Divisions.

(a) The maximum value of the quantity-value

division for liquids shall be not greater than 0.2

percent of the minimum measured quantity.

(b) For dispensers ofcompressednatural gas used to

refuel vehicles, the value of tl-re division for the

gasoline liter equivalent shall not exceed

0.01 GLE; the division for gasoline gallon

equivalent (GGE) shall not exceed 0.001 GGE'

The maximum value of the mass division shall

not exceed 0.001 kg or 0.001 lb.
(Amended 1994)

5.1.3.4. Values Defined. - Indicated values shall be

adequately defined by a sufficient number of figures,

words, symbols, or combinations thereof. A display

of "zero" shall be a zero digit for all displayed digits

to the right of the decimal mark and at least one to the

left.

S.2. Operating Requirements.

S.2.1. Return to Zero. - Except for measuring

assemblies in a pipeline:

(a) One indicator and the primary recording elements,

if the device is equipped to record, shall be

provided with a means for readily returning the

indication to zero either automatically or manually.
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3.37. Mass Flow Meters

(b) It shall not be possible to retum primary indicating
elements, or primary recording elements, beyond
the correct zero position.

(Amended 1993)

5.2.2. Indicator Reset Mechanism. - The reset
mechanism for the indicating element shall not be
operable during a delivery. Once the zeroing operation
has begun, it shall not be possible to indicate a value
other than the latest measurement, or ttzeros" when the
zeroing operation has been completed.

S.2.3. Nonresettable Indicator. - An instrument may
also be equipped with a non¡esettable indicator if the
indicated values cannot be construed to be the indicated
values ofthe resettable indicator for a delivered quantity.

S.2.4. Provisions for Power Loss.

5.2.4.1. Transaction Information. - In the event of
a power loss, the information needed to complete any
transaction in progress at the time of the power loss
(such as the quantity and unit price, or sales price)
shall be determinable for at least 15 minutes at the
dispenser or at the console ifthe console is accessible
to the customer.
(Added 1993)

5.2.4.2. User Information. - The device memory
shall retain information on the quantity of fuel
dispensed and the sales price totals during power loss.
(Added 1993)

S.2.5. Display of Unit Price and Product ldentity.

. _-.__S1,5.1. Unit Price. - -A çor,nputing or money-
operated device shall be able to display on each face
the unit price at which the device is set to compute or
to dispense.

(Added 1993)

5.2.5.2. Product Identity. - A device shall be able to
conspicuously display on each side the identity of the
product being dispensed.
(Added 1993)

5.2.5.3. Selectíon of Unü Price. - Except for
dispensers used exclusivelyforfleet sales, other price
contract sales, and truck refueling (e.9., ttuck stop
dispensers used only to refuel tntcks), when a product
or grade is offered for sale at more than one unit
price through a computing device, the selection of the
unit price shall be made prior to delívery using
controls on the device or other customer-activated

controls. A system shall not permit a change to the
unit price during delivery of a product.

[Nonretroactive as of January I, 1998]
(Added 1997)

5.2.5.4. Agreement Between Indicafions. - When a
quantity value indicated or recorded by an auxiliary
elemenÍ is a derived or computed value based on dnta
received from a reîail motor fueI dispenser, the value
may differ from the qunntity value displayed on the
dispenser, provided the following conditions are met:

(a) all total money values for an indiviùnl sale that
are indicated or recorded by the system agree;
and

(b) within each element the values indicated or
recorded meet the formaln (quantity x unit price
: total sales price) to the closest cent.

[Nonretroactive as ofJanuary 1, ]998J
(Added 1997)

5.2.6. Money-Value Computations. - A computing
device shall compute the total sales price at any single-
purchase unit price (i.e., excluding fleet sales, other price
conhact sales, and truck stop dispensers used only to
refuel trucks) for which the product being measured is
offered for sale at any delivery possible within either the
measurement range of the device or the range of the
computing elements, whichever is less.
(Added 1993)

5.2.6.1. Auxiliary Elements. - If a system is
equþed with auxiliary indications, all indicated
money value and quantity divisions of the auxiliary
elemcrrt shall be identical with those of the primary
element.
(Added 1993)

5.2.6.2. Display of Quantity and Total Price. -
When a delivery is completed, the total price and
quantþ for that hansaction shall be displayed on the
face of the dispenser for at least 5 minutes or until the

next transaction is initiated by using controls on the

device or other user-activated controls.
(Added 1993)

5.2.7. Recorded Representations, Point of Sale

Systems. - The sales information recorded by cash

registers when interfaced with a retail motor-fuel
dispenser shall contain the following information for
products delivered by the dispenser:

(a) the total volume of the delivery,
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(b) theunitprice, 5.2.8. Indication of Delivery. - The device shall
automatically show on its face the initial zero canditìon

(c) the total computed price, and and the quantity delivered (up to the nominal capaciry).

(d) the product identity by name, symbol, abbreviation,

or code number.

fNonrehoactive as of January 1, 1986.]
(Added 1993)

Nonretroactive and enþrceable øs of January I, 19951

(TableAdded 1995)(Amended 1995 and 1998)

Tøble 5.3.5. Categories of Device ønd Methods of Sealing

Categoríes of Device Method of Sealing

Category I: No remote configuration
capability.

Seal by physical seql or two event counters: onefor
c alibration p arameters and one for configuration p arameters.

Category 2: Remote configuration
capability, but access is controlled by
physícøl hørdware.

Device shall clearly indicate that it is in the

remote configuration mode and record such

messdge if capable of printing in this mode

or shall not operate while in this mode.

Category 2 applies to such devices

manufacturedprior to January 1, 2005.

Devices with remote conJìguration capability
manufactured or in use after that date must

meet the sealing requirements outlined in
Category 3. Devices without remote
configuration capability manufactured after
that dqte will be ¡equired-to meet the

minimum criteria outlined in Category I.

[The hardware enabling access for remote communication
must be on-site. The hardware must be sealed using a
physical seal or event counter for calibration parameters and
an event counter for configuration parameters. The event

counters may be located either at the individual measuring
device or at the system controller; however, an adequate
number of counters must be provided to monitor the

calibration and configuration parameters of the individual
devices at a location. Ifthe counters øre located in the system

controller rather than at the individual device, means musl be

provided to generate a hard copy of the information through
an on-site device.l*
[*Nonretroactive as ofJanuøry 1, ]996J

Category 3: Remote configuration capability
access may be unlimited or controlled
through a sofh,vare switch (e.g., password).

Category 3 will be modified in 2005 to apply
to all devices with rentote configuration
capability.

An event logger is required in the device; it must include att
event counter (000 to 999), the parameter ID, the date and
time of the change, and the new value of the parameter. A

printed copy of the inþrmation must be available through the

device or through another on-site device. The event logger
shall have a capacity to retain records equal to ten times the

number of sealable parameters in the device, but not more
thun 1000 records are required. (Note: Does not require
1000 changes to be storedfor each parameter.)

Editortal Note: Following the July 1998 Annual Meeting of the NCWM, questions arose concerning the

intended application of the changes to Category 2 and 3 relative to the elimination ol Ca.Íegory 2. The

NCWM will revisit this issue in 1999 to clarify the langunge.
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However, the first 0.03 L (0.009 gal) of a delivery and
itl g¡so-cta¡ed tola.l sa.les price need not be indicated.
fNonretroactive as ofJanuary I, 1998]
(Added 1997)

S.3. Measuring Elements and Measuring Systems.

S.3.1. Maximum and Minimum Flow-Rates.

(a) The ratio of the maximum to minimum flow-rates
specified by the manufacturer for devices
measuring liquified gases shall be 5:l or greater.

(b) The ratio of the maximum to minimum flow-rates
specified by the manufachuer for devices
measuring other than liquifred gases shall be l0: I
or greater.

S.3.2. Adjustment Means. - An assembly shall be
provided with means to change the ratio between the
indicated quantþ and the quantity of lþid measured by
the assembly. A bypass on the measuring assembly shall
not be used for these means.

5.3.2.1. Discontinuous Adjusting Means. rffhen the
adjusting means changes the ratio between the
indicated quantity and the quantity of measured liquid
in a discontinuous manner, the consecutive values of
the ratio shall not differ by more than 0.1 percent.

S.3.3. Vapor Etimination. - A liquid-measuring
instrument or measuring system shall be equipped with
an effective gas extractor or other effective means,
automatic in operation, to prevent the measurement of
vapor and ai¡ that results in errors greater than the

tqlçfance for the minimum measu¡ed quantity (See N.l.).

5.3.3.1. Vapor Elimination on Loading Rack
Liquid Metering Systems. -

(r) A loading rack liquid metering system shall be
equipped with a vapor or air eliminator or other
automatic means to prevent the passage of vapor
and ai¡ through the meter unless the system is
designed or operationally controlled by a method,
approved by the weights and measures jurisdiction
having statutory authority over the device, such that
neither air nor vapor can enter the system.

(b) Vent lines from the air or vapor eliminator (if
present) shall be made of metal tubing or other
rigid material

(Added 1995)

S.3.4. Maintenance of Liquid State. - A liquid-
measuring device shall be installed so that the measured
product remains in a liquid state during passage through
the instrument.

S.3.5. Provision for Sealing. - Adequate provision shall
be made for an approved means of security (e.g., data
change audit trail) or physically applying securif¡r seals
in such a manner that no adjustment may be made of:

(a) any measurement element;

(b) any adjustable element for conüolling delivery rate
when such rate tends to affect the accuracv of
deliveries; or

(c) the zero adjustment mechanism.

When applicable, the adjusting mechanism shall be
readily accessible for purposes ofaff,xing a security seal.

Audit trails shall use the format set forth in Table S.3.5.
(Amended 1992 and 1995)

5.3"6. Automatic Density Correction.

(a) An automatic means to determine and correct for
changes in product density shall be incorporated in
any mass flow metering system that is affected by
changes in the density of the product being
measured.

(b) Volume-measuring devices with automatic
temperature compensation used to meqsure natural
gas as a motor vehicle engine fuel shall be
equipped with an automatic meøns to determine
and correctfor changes in product denstty due to
changes in the temperqture, pressure, and
composition of the product.

fNonretroactive øs ofJanuary 1, 1995. To become
retroactive as of January I, 1999.J

(Amended 1994 and 1997)

S.3.7. Pressurizing the Discharge Hose. - The
discharge hose for compressed natural gas shall
automatically pressurize prior to the device beginning to
register the delivery.
(Added 1993)

S.3.8. Zero-Set-Back Interlock, Retail Motor-Fuel
Devices. - A device shall be constructed so that:

(a) after a delivery cycle has been completed by
moving the starting lever to any position that shuts
off the device, an automatic interlock prevents a
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i

:i subsequent delivery until the indicating elements, semiautomatic predetermined-stop type or shall be

' and recording elements if the device is equipped operable only:
and activated to record, have been returned to their
zero positions; - by means of a tool (but not a pin) entirely separate from

the device, or
(b) the discharge nozzle carurot be returned to its

designed hanging position (that is, any position - by means of a security seal with which the valve is
where the tip of the nozzle is placed in its designed sealed open.
receptacle and the lock can be inserted) until the
starting lever is in its designed shut-off position and S.4.5. Antidrain Means. - In a wet-hose type device,
the zero-set-back interlock has been engaged; and effective means shall be provided to prevent the drainage

ofthe hose between transactions.
(c) in a system with more than one dispenser supplied

by a single pump, an effective automatic control 5.4.6. Other Valves. - Check valves and closing
valve in each dispenser prevents product from mechanisms that a¡e not used to define the measured
being delivered until the indicating elements on that quantify shall have relief valves (if necessary) to
dispenser are in a correct zero position.

(Added 1993)

S.4. Discharge Lines and Valves.

S.4.1. Diversion of Measured Product. - No means
shall be provided by which any measured product can be (a) pattern approval mark (i.e., type approval number);
diverted from the measuring instrument. However, two
or more delivery outlets may be permanently installed (b) name and address of the manufacturer o¡ his
and operated si¡¡ulranssusly, provided that any diversion trademark and, if required by the weights and
of flow to other than the intended receiving receptacle measures authority, the manufacturer's identification
carmot be readily accomplished or is readily apparent. mark in addition to the trademark;
Such means include physical barriers, visible valves or
indications that make it clear which outlets are in (c) model designation or product name selected by the
operation, and explanatory signs if deemed necessary. manufacturer;

A manually conüolled outlet that may be opened for (d) nonrepetitive serial number;
purging or draining the measuring system shall be
permitted. Effective means shall be provided to prevent (e) the accuracy class of the meter as specified by the

- - -- the passage of liquid through any such outlet during manufocturer consistent with Table T.2.;*
normal operation of the measuring system. (Added 1994)

S.4.2. Pump-Discharge Unit. - A pump-discharge unit (Ð maximum and minimum flow rates in pounds per unit
for liquids equþed with a flexible discharge hose shall of time;
be of the wet-hose type.
(Added 1993) (g) maximum working pressure;

S.4.3. Directional Flow Valves. - If a reversal of flow (h) applicable range of temperature if other than -10 'C to
could result in errors that exceed the tolerance for the +50 'C;
minimum measured quantity, a valve or valves or other
effective means, automatic in operation (and equþed (Ð minimum measured quantity; and
with a pressure limiting device, if necessary) to prevent
the reversal of flow shall be properly ínstalled in the CI) product limitations, if applicable.
system. (See N.1.) [*Nonretroactive as of January ], 1995.J

S.4.4. Discharge Valves. - A discharge valve may be S.5.1. Marking of Gasoline Volume Equivalent
installed on a discharge line only if the system is a Conversion Factor. - A device dispensing
wet-hose type. Any other shutoff valve on the discharge compressed natu¡al gas shall have either the statement
side of the instrument shall be of the automatic or "l Gasoline Liter Equivalent (GLE) is Equal to

dissipate any abnormally high pressure that may arise in
the measuring assembly.

S.5. Markings. - A measuring system shall be legibly and
indeliblv marked with the followine information:
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0.678 kg of Natural Gas" or "1 Gasoline Gallon
Equivalent (GGE) is Equal to 5.660Ib of Natura! Gas"
permanently and conspicuously marked on the face of
the dispenser according to the method of sale used.
(Added 1994)

5.6. Printer. - When an assembly is equipped with means

for printing the measured quantity, the following conditions
apply:

(a) the scale interval shall be the same as that of the

indicator;

(b) the value of the printed quantity shall be the same

value as the indicated quantity;

(c) a quantity for a delivery (other than an initial
reference value) cannot be recorded until the
measurement and delivery has been completed;

(d) the printer is returned to zero when the resettable

indicator is retumed to zero: and

(") the printed values shall meet the requirements
applicable to the indicated values.

5.6.1. Printed Receipt. - Any delivered, printed
quantify shall include an identification number, the time
and date, and the name of the seller. This information
may be printed by the device or pre-printed on the ticket.

5.7. Totslizers for Retail Motor-Fuel Devices.- Retail
motor-fuel dispensers shall be equipped with a

nonresettable totalizer for the quantity delivered through
the metering device.

[Nanretroactive as ofJanuary 1, ]9981
(Added 1997)

N. Notes

N.1. Minimum Measured Quantity. - The minimum
measured quantity shall be specified by the manufacturer.

N.2. Test Medium.

N.2.1. Liquid-Measuring Devices. - The device shall
be tested with the liquid that the device is intended to
measure or another liquid with the same general physical
characteristics.

N.2.2. Vapor-Measuring Devices. - The device shall be

tested with air or the product to be measured.

N.3. Test Drafts. - The minimum test shall be one test

draft at the maximum flow rate of the installation and one

test draft at the minimum flow rate. More tests may be
performed at these or other flow rates. (See T.3.)

N.4. Minimum Measured Quantity. - The device shall be

tested for a delivery equal to the declared minimum
measured quantity when the device is likely to be used to
make deliveries on the order of the minimum measured
quantity.

N.5. Motor FueI Dispenser. - When a device is intended
for use as a liquid motor-fuel dispenser, the type evaluation
test shall include a test for accuracy using five starts and

stops during a delivery to simulate the operation of the

automatic shut-off nozzle. This test may be conducted as

part of the normal inspection and test of the meter.

T. Tolerances

T.1. Tolerances, General.

(a) The tolerances apply equally to errors of
underregistration and errors of ovenegistration.

(b) The tolerances apply to all products at all temperatures
between -10 "C to +50 "C, inclusive, measured at any

flow rate within the rated measuring range of the

meter.

T.2. Tolerances. - The tolerances for mass flow meters for
specifirc liquids, gases, and applications are listed in Table
T.2.
(Amended 1994)

T.3. Repeatability. - When multþle tests are conducted at
approximately the same flow rate, the range of the test

results for the flow rate shall not exceed:

(a) 0.2 percent for retail liquid motor fuel devices; and

(b) 40 percent of applicable tolerance for all other
devices listed in Table T.2.

(Amended 1992,1994)

T.4. Type Evaluation Examinations for Liquid-
Measuring l)evices. - For type evaluation examinations,
the tolerance values shall apply under the following
conditions:

(a) with any one liquid within the range of liquids,

(b) at any one liquid temperahrre and pressure within the

operating range of the meter, and
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Table T.2. Accuracy Classes for Mass Flow Meter Applications

Accuracv Class
Application or Commodity Being Measured

Acceptance
Tolerance

Maintenance
Tolerance

0.3

Loading rack meters, vehicle-tank meters, home
heating oil, milk and other food products, large

capacity motor-fuel dispensers (maximum
discharge flow rates greater than 100 L or 25

gallon per minute), all other liquid applications

not shown in the table where the minimum
delivery is at least 700 kg (1500 lb)

0.2% 0.3%

0.5

Small capacity (retail) motor-fuel dispensers,

agri-chemical liquids, all other liquid
applications not shown in the table

0.3% 05%

1.0
Anhydrous ammonia, LP Gas (including vehicle
tank meters)

0.6% t.0%

2.0 Compressed natural gas as a motor fuel 15% 2.0%

2.5 Cryogenic liquid meters, liquefied compressed

gases other than LP Gas

15% 25%

(Added 1994)

(c) at all flow ¡¿¡ss within the range of flow rates.

(Added 1993) (Amended 1994)

UR. User Requirements

lJR.l. Selection Requirements.

UR.t.l. Díscharge Hose-Length. - The length of the

discharge hose on a retail motor-fuel device shall not
- --exceed a.6 m Q 5 fi) unless it can be demonstrated thqt a

longer hose ß essential to permit deliveries to be made to

receiving vehicles or vess els.

[Nonretroactive as ofJanuary I, 1998J

(Added 1997)

UR.l.2. Minimum Measured Quantity.

(a) The minimum measured quantity shall be specified

by the manufacturer.

(b) The minimum measu¡ed quantity appropriate for a

transaction may be specified by the weights and

measwes authority. A device may have a

minimum measured quantity smaller than that

specified by the weights and measures authority;

however, the device must perform within the

performance requirements for the declared

minimum measured quantity.

UR.2. Installation Requirements.

IJR.2.I. Manufacturer's Instructions. - A device shall

be installed in accordance with the manufacturer's

instructions, and the installation shall be sufficiently
secure and rigid to maintain this condition.
(Added 1997)

IJR.2.2. Discharge Rate.- A device shall be installed so

that the actual maximum discharge rate will not exceed

the rated maximum discharge rate. Automatic means of
flow regulation shall be incorporated in the installation

if necessary.
(Added 1997)
uR.2.3. Low-Flow Cut-Off Valve. - If a metering

system is equipped with a programmable or adjustable

"low-flow cut-off' feature:

(a) the low-flow cut-offvalue shall not be set at flow
rates lower than the minimum operating flow rate

specifred by the manufacturer on the meter; and

(b) the system shall be equipped with flow control

valves which prevent the flow ofproduct and stop

the indicator from registering product flow

whenever the product flow rate is less than the low-

flow cut-off value.
(Added 1992)
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UR.3. Use of Device. UR.3.6. Steps After Dispensing. - After delivery to a
customer from a retail motor-fuel device:

UR.3.1. Unit Price and Product Identity for Retail
Dispensers. - The following information shall be
conspicuously displayed or posted on the face ofa retail
dispenser used in direct sale:

(a) Except for dispensers used exclusively for fleet
sales, other price contact sales, and tnrck refueling
(e.g., truck stop dispensers used only to refuel
trucks), all of the unit prices at which the product is
offered for sale; and

(b) in the case of a computing type or money-operated
type, the unit price at which the dispenser is set to
compute.

(Added 1993)

UR.3.2. Vapor-Return Line. - During any metered
delivery of liquefied petroleum gas and other liquids
from a supplier's tank to a receiving container, there shall
be no vapor-return line from the receiving'container to
the supplier's tank:

(a) in the case of any receiving container to which
nonnal deliveries can be made without the use of
such vapor-return liae, or

(b) in the case of any new receiving container when the
ambient temperature is below 90 "F.

(Added 1993)

UR.3.3. Ticket Printer; Customer Ticket. - Vehicle-
mounted metering systems shall be equipped with ø ticket
pinter which shall be usedfor all sales where product is

. _dglfel_eçl_thrgygh the meter. A çopy of the ticke.t issued
by the device shall be left with the customer at the time of
delivery or as otherwise specified by the customer

[Nonretroactive as of January I, 1995. To become
retroactive as of January I, 1999.1

(Added 1994)

UR.3.4. Printed Ticket. - The total price, the total
quantity of the delivery, and the price per unit shall be
printed on any ticket issued by a device of the computing
type and containing any one of these values.
(Added 1993)

IJR.3.5. Ticket in Printing Device. - A ticket shall not
be inserted into a device equipped with a ticket printer
until immediately before a delivery is begun, and in no
case shall a ticket be in the device when the vehicle is in
motion while on a public sFeet, highway, or
thoroughfare.
(Added 1993)

(Ð the starting lever shall be retumed to its shutoff
position and the zero-set-back interlock engaged;
and

(b) the discharge nozzle shall be returned to its
designed hanging position unless the primary
indicating elements, and recording elements, if the
device is equipped and activated to record, have
been retumed to a definite zero indication.

(Added 1993)

I1R.3.7. Return of Indicating and Recording
Elements to Zero. - The primary indicating elements
(visual), and the primary recording elements when these

are returnable to zero, shall be returned to zero

immediately before each delivery. Exceptions to this

requirement are totalizers on key-lock-operated or other
self-operated dispensers and the primary recording
element if the device is equipped to record.
(Added 1995)(Amended 1997)

UR.3.8. Return of Product to Storage, Retail
Compressed Natural Gas Dispensers.- Provisions at

the site shall be made for rehrming product to storage or
disposing of the product in a safe and timely rnanner
during or following testing operations. Such provisions
may include return lines, or cylinders adequate in size

and number to permit this procedure.
(Added 1998)
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Seetion 3.38. Car-bsn Dioxide
Liquid-Measuring Devices - Tentative Code

This tentative code has onty a trial or experimental status and is not intended to be enforced by weights and
measures offïcials. The requirements are designed for study prior to the development and adoption of a final
code for Carbon Dioxide Liquid-Measuring Devices. The tentative code is intended to be used by the National
Type Evaluation Program for type evaluation of carbon dioxide liquid-measuring devices. If upgraded to
become a permanent code, all requirements, except those for tolerances, will be nonretroactive as of the effective
date of the permanent code; tolerance requirements will apply retroactively as of the effective date of the
permanent code.
(Tentative Code Added 1996) (Amended 1998)

A. Application

A.l. This code applies to carbon dioxide liquid-measuring
devices used for the measruement of liquid carbon dioxide.

4.2. This code does not apply to devices used solely for
dispensing a product in co¡nection with operations in which
the amount dispensed does not affect customer charges.

4.3. See also, Sec. 1.10; General Code requirements.

4.4. Type Evaluation. - The National Type Evaluation
Program will accept for type evaluation only those devices

that comply with all requirements of this code.
(Added 1998)

S. SpecÍfications

S.1. Design of IndÍcating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements. -

S.1.1.1. General. - A device shall be equipped
with a primary indicating element and may also

be equipped with a primary recording element.

5.1.1.2. Units. - A device shall indicate and

record, if equipped to record, its deliveries in
terms of pounds or kilograms or decimal
subdivisions or multiples thereof.

5.1.1.3. Value of Smallest Unit. - The value of
the smallest unit of indicated delivery, and

recorded delivery, if the device is equipped to
record, shall not exceed the equivalent of:

(a) for small delivery devices:

(1) I kilograrn, or

(2) I pound

(b) for large delivery devices:

(l) l0 kilograms , or
(2) l0pounds

5.1.1.4. Advancement of Indicating and
Recording Elements. - Primary indicating and

recording elements shall be susceptible to
advancement only by the normal operation of the

device. However, a device may be cleared by
advancing its elements to zero, but only if:

(a) the advancing movement, once started,

cannot be stopped until zero is reached, or

(b) in the case of indicating elements only,
such elements are automatically obscured

until the elements reach the correct zero
position.

5.1.1.5. Return to 7,ero.- pri*"ty *¿icating
and recording elements shall be readily
returnable to a definite zero indication. Means

shall be provided to prevent the rehrm of primary
indicating elements and of primary recording
elements beyond their conect zero position.

S.1.2. Graduations. -

5.1.2.1. Length. - Graduations shall be so

varied in length that they may be conveniently
read.

5.1.2.2. Width. - In any series of graduations,

the width of a graduation shall in no case be
greater than the width of the minimum clear
interval between graduations. The width of main
graduations shall be not more than 50 percent
greater than the width of subordinate
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graduations. Graduations shall in no case be less

than 0.2 mm (0.008 in) in width.

S.1.2.3. Clear Interval Between Graduations.
- The clear interval shall be not less than 1.0 mm
(0.04 in). If the graduations are not parallel, the

measurement shall be made:

(a) along the line of relative movement
between the graduations at the end of the

indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

(See also S.1.3.6.)

S.1.3. Indicators. -

S.f 3.1. Symmetry. - The index of an indicator
shall be of the same shape as the graduations at
least throughout that portion of its length
associated with the graduations.

5.1.3.2. Length. - The index of an indicator
shall reach to the f,lrest graduations with which it
is used, unless the indicator and the graduations

are in the same plane, in which case the distance

between the end of the indicator and the ends of
the graduations, measured along the line of the
graduations, shall be not more ttran 1.0 mm (0.04

in).

5.1.33. Width. - The width of the index of the

indicator in relation to the series of graduations

wi!-h yhich it is used shall be not greater than:

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval
between graduations.

'When the index of an indicator extends along the
entire length of a graduation, that portion of the
index of the indicator that may be brought into
coincidence with the graduation shall be of the

same width throughout the length of the index
that coincides with the sraduation.

5.1.3.4. Clearance. - The clea¡ance between
the index of an indicator and the graduations

shall in no case be more than 1.5 mm (0.06 in).

5.1.3.5. Parallax. - Parallax effects shall be
reduced to the practicable minimum.

5.1.3.6. Travel of Indicator. - If the most
sensitivè elément of thè primary indicating
element utilizes an indicator and graduations, the

relative movement of these parts corresponding

to the smallest indicated value shall be no less

than 5 mm (0.20 in).

S.1.4. Computing-Type Devices. -

S.1.4.f . Printed Ticket. - Any printed ticket
issued by a device of the computing type on
which there is printed the total computed price

shall have printed clearly thereon also the total
quantity of the delivery and 'he price per unit.

S.1.4.2. Money-Value Computations.
Money-value computations shall be of ttre full-
computing type in which the money value at a

single unit price, or at each of a series of unit
prices, shall be computed for every delivery
within either the range of measurement of the

device or the range of the computing elements,

whichever is less.

The total pri'ce shall be computed on the basis of
the quantity indicated when the value of the

smallest division indicated is equal to or less than

the value specified in S.1.1.3.

S.1.4.3. Money-Values, Mathematical
Agreement. - Any digital money-value
indication and any recorded money value on a
computing-type device shall be in mathematical
agreement with its associated quantity indication
or representation to within one cent of money

value.

Design of Measuring Elements.

S.2.1. Vapor ElimÍnation. - A measuring system

shall be equipped with an effective vapor eliminator
or other effective means to prevent the measurement

of vapor that will cause errors in excess of the

applicable tolerances.

5.2.2. Reverse Flow Measurement. - Effective
means, automatic in operation, shall be installed to
prevent reverse flow measurement.

S.2.3. Maintenance of Liquid State. - A device

shall be so designed that the product being measured

will remain in a liquid state during passage tbrough

the device.

s.2.
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S.2.4. Automatic Tempe¡a-ture or Density
Compensation. - A volumetric device shall be

equipped with automatic means for adjusting the

indication and recorded representation of the
measured quantity of the product to indicate or record
the quantity of the product measured in terms of
pounds.

S.2.5. Provision for Sealing. - Adequate provision
shall be made for applying security seals in such a
manner that no adjustrnent or interchange may be
made of:

(a) any measurement element,

(b) any adjustable element for controlling delivery
rate when such rate tends to affect the accuracy
of deliveries, and

(c) any automatic temperature or density
compensating system.

Any adjusting mechanism shall be readily accessible

for purposes ofaffixing a security seal.

S.3. Design of Discharge Lines and Discharge Line
Valves.

S.3.1. Diversion of Measured Liquid. - No means

shall be provided by which any measured liquid can
be diverted from the measuring chamber of the device
or the discharge line therefrom, exceptfhat a manually
controlled outlet that may be opened for purging or

-d¡ain¡ng the -measuring system shall be permitted.

Effective means shall be provided to prevent the
passage of liquid through any such outlet during
normal operation of the device and to indicate clearly
and unmistakably when the valve contols are so set as

to permit passage of liquid through such outlet.

S.3.2. Discharge Hose. - The discharge hose of a
measuring system shall be of a wet hose type with a
shutoff valve at its outlet end.

S.4. Marking Requirements.

S.4.1. Limitation of Use . - If a measuring system is
intended to measure accurately only liquids having
particular properties, or to measure accurately only
under specific installation or operating conditions, or
to measure accurately only when used in conjunction
with specifrc accessory equipment, these limitations

,shal! be clearly and permanently marked on the

device.

S.4.2. Discharge Rates. - A meter shall be marked to

show its designed maximum and minimum discharge

rates. The marked minimum discharge rate shall not
exceed 20 percent of the maximum discharge rate.

S.5. Level Condition, On-Board Weighing Systems. -

Provision shall be made for automatically inhibiting the

delivery of liquid carbon dioxide when the vehicle is out of
level beyond the limit required for the performance to be

within the applicable tolerances.

N. Notes

N.l. Test Liquid. - The test liquid shall be carbon dioxide
in a compressed liquid state.

N.2. Vaporization and Volume Change. - Care shall be

exercised to reduce vaporization and volume changes to a

minimum. When testing by weight, the weigh tank and

transfer systems shall be precooled to liquid temperature

prior to the start of the test to avoid the venting of vapor

from the vessel being weighed.

N.3. Test Drafts.

N.3.1. Gravimetric Test. - Weight test drafts shall

be equal to at least the amount delivered by the device

in two minutes at its maximum discharge rate.

N3.2. Transfer Standard Test. - When comparing

a meter with a calibrated transfer standard, the test

draft shall be equal to at least the amount delive¡ed by
the device in two minutes at its maximum discharge

rare.

N.3.3. Votumetric Prover Test Drafts. - Test drafts

shall be equal to at least the amount delivered in one

minute at normal discharge rate.

N.4. Testing Procedures.

N.4.1. Normal Tests. - The "normal" test of a device

shall be made at the maximum discharge flow rate

developed under the conditions of i¡stallation. Any
additional tests conducted at flow rates down to and

including one-half of the sum of the maximum
discharge flow rate and the rated minimum discharge

flow rate shall be considered normal tests.

N.4.2. Special Tests. - Any test except as set forth in
N.4. l. shall be considered a special test. Tests shall be
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conducted, if possible, to evaluate any special
elements or accessories âttachèd to or associated
with the device. A device shall be tested at a

minimum discharge rate of:

(a) not less than the minimum rated capacity or 20
percent of the maximum rated discharge rate of
the device, whichever is less, or

(b) the lowest discharge rate practicable under the
conditions of installation.

"Special" tests may be conducted to develop any
characteristics of the device anticipated under the
conditions of installation as circumstances require.

N.4.3. Density. - Temperature and pressure of the
metered test liquid shall be measured during the test
for the determination of density or volume correction
when applicable. The appropriate conection values
shall apply as specified in Table 1.

N.4.4. Automatic Temperature or Density
Compensation. - If a device is equipped with an
automatic temperature or densify compensator, the
compensator shall be tested by comparing the quantity
indicated or recorded by the device (with the
compensator con¡ected and operating) with the actual
delivered quantity. The appropriate conection values
shall apply as specified in Table.

T. Tolerances

T.1. Application.

T.1.1. To Underregistration and to
Overregistration. - The tolerances hereinafter
prescribed shall be applied to erïors of
underregistration and errors of overregistration.

T.2. Tolerance Values.

T.2.1. On Normal Tests. - The maintenance

tolerance on "normal" tests shall be two and one-half
percent (2.5%) of the indicated quantity. The
acceptance tolerances shall be one and one-half
percent (1.5%) of the indicated quantity.

T.2.2. On Special Tests. - The maintenance and
acceptance tolerance on "special" tests shall be two
and one-half percent (2.5%) of the indicated quantþ.

T.3. On Tests Using Transfer Standards. - To the basic
tolerance values that would otherwise be applied, there shall

be added an amount equal to two times the standard

dèiiatiòn of the applicable tansfer , standarcl when
compared to a basic reference standa¡d.

UR User Requirements

lJR.l. Installation Requirements.

UR.l.l. Discharge Rate. - A device shall be so

installed that the actual maximum discharge rate will
not exceed the rated maximum discharge rate. If
necessary, means for flow regulation shall be

incorporated in the installation.

UR.1.2. Length of Discharge Hose. - The discharge

hose shall be of such a length and design as to keep

vaporization of the liquid to a minimum.

UR.l.3. Maintenance of Liquid State. - A device

shall be so installed and operated that the product
being measwed shall remain in the liquid state during
passage through the meter.

IJR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording
Elements toZero. - The primary indicating elements

(visual) and the primary recording elements shall be

retumed to zero immediately before each delivery.

UR.2.2. Condition of Discharge System. - The
discharge hose, up to the valve at the end of the

discharge hose, shall be completely frlled and

precooled to liquid temperafures befote a "zero"
condition is established and prior to the start of a

commercial delivery. Means shall be provided to frll
the discharge hose with liquid prior to the start of a

delivery.

UR.2.3. Vapor Equalization Line. - A vapor
equalization line shall not be used during a metered

delivery unless the quantity ofvapor displaced from
the buyer's tank to the seller's tank is deducted from
tïe metered quantity. The appropriate correction
values shall apply as specified in Table.

IIR.2.4. Temperature or Density Compensation.

uR.2.4.1. Use of Automatic Temperature or
Density Compensators. - Devices equipped

with an automatic temperature or density
compensator shall have the compensator

connected, operable, and in use at all times.
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Such automatic temperature or density
compensator may not be removed.

AR.2.4.2. Tickets or Invoices. - Any written
invoice or printed ticket based on a reading of a

device that is equipped with an automatic
temperature or density compensator shall have

shown thereon that the quantity delivered has

been temperature or density compensated.

UR.2.5. Ticket in Printing Device. - A ticket shall

not be inserted into a device equipped with a ticket
printer until immediately before a delivery is begun,

and in no case shall a ticket be in the device when the

vehicle is in motion while on a public street, highway,
or thoroughfare.

UR.2.6. Sale by Weight. - All quantity

determinations shall be made by means of an

approved and sealed weighing or measuring device.

All sales shall be stated in kilograms or pounds.

D. Definitions

The terms defined here have a special and technical
meaning when used in the Code for Carbon Dioxide
Liquid-Measuring Devices.

automatic temperature or density compensation.
The use of integrated or ancillary equipment to obtain,
from the ouþut of a volumetric meter, an equivalent
mass indication.

carbon dioxide liquid-measuring device. A system

including a mechanism or machine of (a) the meter or
(b) a weighing type of device mounted on a vehicle

designed to measure and deliver liquid carbon dioxide.
Means may be provided to indicate automatically, for
one of a series of unit prices, the total money value of
the quantiry measured.

Iarge-delivery devices. Devices used primarily for
single deliveries greater than 1000 pounds or 500

kilograms.

small-delivery device. Any device other than a large-

delivery device.

transfer standard. A measurement system designed

for use in proving and testing carbon dioxide liquid-
measuring devices.

vapor equalization credit. The quantity deducted

from the metered quantity of liquid carbon dioxide

3.38. Carbon Dioxide Liquid-Measuring Devices

wher-r a vapo¡ equalizing line i9 u-sed to facilitate the

bansfer of liquid during a metered delivery.

vapor equalization line. A hose or pipe corrnected

from the vapor space of the seller's tank to the vapor

space of the buyer's tank that is used to equalize the

pressure during a delivery.

wet-hose type. A type of device in which it is

intended that the discharge hose be completely filled
prior to each commercial delivery.
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Table I

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

VoPSIA PSIG Ib/gal (lb-oz)/gal lb/cu ft Ib/gal

- 30.00 177.89 1 63.1 9 9.127 9 -2.0 1.989 0.266 2.9

- 29.75 178.75 164.05 9.122 9 -2.0 1.999 0.267 2.9

29.50 179.62 164.92 9.r11 9-1.9 2.008 0.268 2.9

- 29.25 180.49 165.79 9.tr3 9-1.8 2.018 0.270 3.0

- 29.00 181.36 166.67 9.108 9-1.7 2.028 0.271 3.0

- 28.75 r82.24 167.54 9.103 9-1.7 2.038 0.272 3.0

- 28.50 183.t2 168.42 9.098 9-1.6 2.048 0.274 3.0

- 28.25 184.00 169.3 r 9.094 9-1.5 2.058 0.275 3.0

- 28.00 184.89 170.19 9.089 9 - 1.4 2.067 0.276 3.0

- 21.75 185.78 l7l.08 9.084 9-1.3 2.071 0.278 3.1

- 27.50 186.67 t71.98 9.080 9- 1.3 2.08'7 0.279 3.1

- 27.25 187.57 172.87 9.075 9-r.2 2.098 0.280 3.1

- 27.00 188.47 t73.77 9.070 9- r.1 2.t08 0.282 3.1

- 26.75 189.37 174.61 9.065 9- 1.0 2.118 0.283 3.1

- 26.50 190.28 175.5 8 9.06r 9- 1.0 2.r28 0.284 3.1

- 26.25 191.18 r76.49 9.056 9-0.9 2.138 0.286 3.2

- 26.00 ' t92.t0 t77.40 9.051 9-0.8 2.148 0.287 3.2

- 25.75 193.01 178.32 9.046 9-0.t 2.159 0.289 3.2

- 25.50 193.93 t79.23 9.041 9-0.t 2.769 0.290 3.2

- 25.25 194.85 1 80.1 6 9.037 9-0.6 2.179 0.291 3.2

- 25.00 195.78 181.08 9.032 9-0.s 2.t90 0.293 3.2

- 24.75 196.70 182.01 9.027 I -0.4 2.200 0.294

- 24.50 197.64 182.94 9.022 9-0.4 2.211 0.296 3.3

- 24.25 198.57 183.87 9.017 9-0.3 2.221 0.291 J.J

- 24.00 r99.51 184.81 9.013 9-0.2 2.232 0.298 3.3

- 23.75 200.45 185.75 9.008 9-0.1 2.243 0.300 3.3

- 23.50 20r.39 186.70 9.003 9-0.0 2.253 0.301 3.3
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Table 1

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

V.PSIA PSIG lb/gal (lb-oz\lgal lb/cu ft lb/gal

- 23.25 202.34 r87.64 8.998 9-0.0 2.264 0.303 3.4

- 23.00 203.29 r88.60 8.993 8 - 15.9 2.27s 0.304 3.4

- 22.75 204.25 189.55 8.989 8 - 15.8 2.286 0.306 3.4

-22.50 205.20 t90.51 8.984 8 - 15.7 2.296 0.307 3.4

- 22.25 206.16 191.47 8.979 8 - 15.7 2.307 0.308 3.4

- 22.00 207.13 192.43 8.974 8 - 15.6 2.318 0.310 3.5

- 21.75 208.09 193.40 8.969 8 - 15.5 2.329 0.31 I 3.5

- 21.50 209.06 r94.37 8.964 8 - 15.4 2.340 0.313 3.5

- 21.25 210.04 195.34 8.959 8- t 5.4 2.351 0.314 3.5

- 21.00 ztt.o2 196.32 8.955 8 - 15.3 2.362 0.316 3.5

- 20.75 2t2.00 197.30 8.950 8 - t5.2 2.314 0.317 3.5

- 20.50 2t2.98 198.28 8.945 8 - 15.1 2.385 0.319 3.6

- 20.25 213.97 t99.27 8.940 8 - 15.0 2.396 0.320 3.6

- 20.00 214.96 200.26 8.935 8 - 15.0 2.407 0.322 3.6

19.75 2t5.95 201.26 8.930 8 - 14.9 2.419 0323 3.6

19.50 216.95 202.25 8.925 8 - 14.8 2.430 0.325 3.6

- t9.25 2t7:95 203.25 8s20 8 - 14.7 2.441 0.326

19.00 218.95 204.26 8.915 8 - 14.6 2.453 0.328 3.7

18.75 2t9.96 205.27 8.911 8 - 14.6 2.464 0.329 3.1

t 8.50 220.97 206.28 8.906 8 - 14.5 2.476 0.331 3.7

18.25 221.99 207.29 8.90r 8 - 14.4 2.488 0.333

18.00 223.01 208.31 8.896 8 - 14.3 2.499 0.334 3.8

- t7.75 224.03 209.33 8.891 8 - 14.3 2.511 0.336 3.8

17.50 225.05 2r0.36 8.886 8 - 14.2 2.523 0.337 3.8

t7.25 226.08 2l 1 .38 8.881 8 - 14.1 2.534 0.339 3.8

17.00 227.11 212.42 8.876 8 - 14.0 2.546 0.340 3.8

16.75 228.t5 2r3.45 8.871 8 - 13.9 2.s58 0.342 3.9

16.50 229.18 214.49 8.866 8 - 13.9 2.570 0.344 3.9
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3.38. Carbon Dioxide Liquid-Measuring Devices

Tablef-

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

VoPSIA PSIG lb/gal (lb-oz)/gal lb/cu ft lb/gal

16.25 230.23 215.53 8.86r 8 - 13.8 2.582 0.345 3.9

16.00 231.2'7 216.58 8.856 8 - 13.7 2.s94 0.347 3.9

15.75 232.32 217.62 8.851 I - 13.6 2.606 0.348 3.9

1s.50 233.37 218.68 8.846 8 - 13.5 2.618 0.350 4.0

15.25 234.43 219.73 8.841 8 - 13.s 2.630 0.352 4.0

15.00 235.49 220.79 8.836 8 - 13.4 2.643 0.353 4.0

14.75 236.55 221.86 8.831 8 - 13.3 2.655 0.355 4.0

14.50 237.62 222.92 8.826 8 - 13.2 2.667 0.357 4.0

- 14.25 238.69 223.99 8.821 8 - 13.1 2.680 0.358 4.1

- 14.00 239.76 225.07 8.816 8 - 13.1 2.692 0.360 4.1

- 13.75 240.84 226.14 8.811 8 - 13.0 2.704 0.362 4.1

- 13.50 241.92 227.22 8.806 8 - 12.9 2.717 0.363 4.1

- r3.2s 243.00 228.31 8.801 8 - 12.8 2.729 0.365 4.1

- 13.00 244.09 229.39 8.796 8 - 12.7 2.742 0.367 4.2

- 12.75 245.18 230.49 8.791 8 - 12.7 2.755 0.368 4.2

- 12.50 246.28 231.58 8.786 8 - 12.6 2.767 0.370 4.2

12.25 247.37 232.68 8.781 8 - 12.5 2.780 0.372 4.2

12.00 248.48 233.78 8.776 8 - 12.4 2.793 0.373 4.3

1r.75 249.58 234.89 8.771 8 - 12.3 2.806 0.375 4.3

11.50 250.69 236.00 8.765 8 - 12.2 2.8t9 0.377 4.3

n.25 251.80 237.1r 8.760 8- 12.2 2.832 0.379 4.3

11.00 252.92 238.22 8.755 8 - tz.l 2.845 0.380 4.3

r0.75 254.04 239.34 8.750 8- 12.0 2.858 0.382 4.4

10.50 255.16 240.47 8.745 8-11.9 2.871 0.384 4.4

to.2s 256.29 241.60 8.740 8 I 1.8 2.884 0.386 4.4

- 10.00 257.42 242.73 8.735 8 - I1.8 2.897 0.387 4.4

- 9.75 258.56 243.86 8.730 8- lt.7 2.911 0.389 4,5

- 9.50 259.70 245.00 8.725 8 - ll.6 2.924 0.391 4.5
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3.38. Carbon Dioxide Liquid-Measuring Devices

Table-1-

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

V"PSIA PSIG lb/gal (lb-oz)/gal lb/cu ft lb/gaI

- 9.25 260.84 246.r4 8.719 8 - 11.5 2.937 0.393 4.5

- 9.00 26r.98 247.29 8.714 8 - 1r.4 2.951 0.394 4.5

- 8.75 263.13 248.44 8.709 8 - 11.3 2.964 0.396 4.5

- 8.50 264.29 249.s9 8.704 8 - 11.3 2.978 0.398 4.6

- 8.25 265.44 250.75 8.699 8 - 11.2 2.99r 0.400 4.6

- 8.00 266.60 251.91 8.694 I - l1.l 3.00s 0.402 4.6

- 7.75 267.77 253.07 8.688 8-il.O 3.019 0.404 4.6

- 7.50 268.93 254.24 8.683 8 - r0.9 3.032 0.405 4.7

- 7.25 270.11 255.41 8.678 8 - 10.8 3.046 0.407 4.7

- 7.00 271.28 256.59 8.673 8 - 10.8 3.060 0.409 4.7

- 6.75 272.46 257.76 8.668 8 - 10.7 3.074 0.411 4.7

- 6.50 273.64 258.95 8.662 8 - 10.6 3.088 0.413 4.8

- 6.25 274.83 260.13 8.657 8 - to.s 3.102 0.415 4.8

- 6.00 276.02 261.32 8.652 8 - 10.4 3.1 16 0.4t7 4.8

- 5.75 277.21 262.s2 8.647 8 - 10.3 3.130 0.418 4.8

- 5.50 278.41 263.72 8.641 8 - 10.3 3.144 0.420 4.9

- 5.25 279.61 264.92 8.636 8 - 10.2 3.159 0.422 4.9

- 5.00 280.82 266.t2 8.631 8 - 10.1 3.r73 0.424 4.9

- 4.75 282.03 267.33 8.626 I - 10.0 3.1 87 0.426 4.9

- 4.50 283.24 268.55 8.620 8-9.9 3.202 0.428 5.0

- 4.25 284.46 269.76 8.615 8- 9.8 3.216 0.430 5.0

- 4.00 285.68 270.98 8.610 8-9.8 3.231 0.432 5.0

- 3.75 286.90 272.21 8.604 8-9.7 3.245 0.434 5.0

- 3.50 288.1 3 273.44 8.s99 8-9.6 3.260 0.436 5.1

- 3.25 289.37 274.67 8.594 8-9.5 3.275 0.438 5.1

- 3.00 290.60 275.91 8.589 8 -9.4 3.289 0.440 5.1

- 2.75 291.84 277.15 8.583 8-9.3 3.304 0.442 5.t

- 2.50 293.09 278.39 8.s78 8-9.2 3.3r9 0.444 5.2
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3.38. Carbon Dioxide Liquid-Measuring Devices

Table-1-

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

V"PSIA PSIG lb/gal (lb-oz)/gal lb/cu ft lb/gal

- 2.25 294.33 2t9.64 8.573 8 -9.2 3.334 0.446 5.2

- 2.00 295.58 280.89 8.567 8-9.1 3.349 0.448 5.2

r.75 296.84 282.14 8.562 8-9.0 3.364 0.450 5.3

L50 298.10 283.40 8.556 8-8.9 3.379 0.452 5.3

r.25 299.36 284.67 8.551 8-8.8 3.395 0.454 5.3

1.00 300.63 285.93 8.546 8-8.7 3.410 0.456 5.3

- 0,75 301.90 287.21 8.540 8-8.6 3.425 0.458 5.4

- 0.50 303. I 8 288.48 8.535 8-8.6 3.440 0.460 5.4

- 0.25 304.46 289.76 8.530 8-8.5 3.456 0.462 5.4

0.00 305.74 291;74 8.524 8-8.4 3.471 0.464 5.4

0.25 307.03 292.33 8.s 19 8-8.3 3.487 0.466 5.5

0.50 308.32 293.62 8.5 l3 8-8.2 3.503 0.468 5.5

0.75 309.61 294.92 8.508 8-8.1 3.518 0.470 5.5

1.00 310.91 296.21 8.502 8-8.0 3.534 0.472 5.6

t.25 3t2.21 297.52 8.497 8-8.0 3.550 0.475 5.6

1.50 313.52 298.82 8.491 8 -7.9 3.566 0.477 5.6

1.75 314.83 300. l3 8.486 8-7.8 3.582 0.479 5.6

2.00 316.15 301.45 8.480 8-7.7 3.598 0.481 5.7

2.25 3t7.46 302.77 8.475 8 -7.6 3.614 0.483 5.7

2.50 318.79 304.09 8.469 8-7.5 3.630 0.485 5.7

2.75 320.11 305.42 8.464 8 -7.4 3.646 0.487 5.8

3.00 321.45 306.75 8.458 8-7.3 3.662 0.490 5.8

3.25 322.78 308.08 8.453 8-7.2 3.679 0.492 5.8

3.50 324.12 309.42 8.447 8 -7.2 3.695 0.494 5.8

3.75 325.46 310.77 8.442 8-7.1 3.712 0.496 5.9

4.00 326.81 3t2.tl 8.436 8-7.0 3.728 0.498 5.9

4.25 328.16 313.46 8.431 8-6.9 3.745 0.501 5.9

4.50 329.52 314.82 8.425 8-6.8 3.761 0.503 6.0
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3.38. Carbon Dioxide Liquid-Measuring Devices

tli-

Table I
Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

Y.PSIA PSIG lb/gat (lb-oz)/gal lb/cu ft lb/gat

4.75 330.88 3r6.18 8.420 8-6.7 3.778 0.505 6.0

s.00 332.24 317.54 8.4t4 8-6.6 3.795 0.507 6.0

5.25 333.61 318.91 8.408 8-6.5 3.812 0.510 6.1

5.50 334.98 320.28 8.403 8-6.4 3.829 0.s12 6.1

s.75 336.35 32t.66 8.397 8-6.4 3.846 0.514 6.1

6.00 337.73 323.04 8.392 8-6.3 3.863 0.516 6.2

6.25 339.12 324.42 8.386 8-6.2 3.880 0.519 6.2

6.s0 340.51 325.81 8.380 8-6.1 3.897 0.521 6.2

6.75 341.90 327.20 8.375 8-6.0 3.915 0.523 6.3

7.OO 343.30 328.60 8.369 8-5.9 3.932 0.526 6.3

7.25 344.70 330.00 8.363 8-s.8 3.949 0.528 6.3

7.50 346. l0 33t.41 8.3s8 8-5.7 3.967 0.530 6.3

7.75 347.5r 332.82 8.352 8-5.6 3.984 0.533 6.4

8.00 348.92 334.23 8.346 8-5.5 4.002 0.535 6.4

8.25 350.34 335.65 8.341 8-5.4 4.O20 0.537 6.4

8.50 351.76 337.07 8.335 8-5.4 4.038 0.540 6.5

8.7s 353.19 338.49 8.335 8-5.4 4.038 0.540 6.5

9.00 3s4.62 339.92 8.323 8-5.2 4.073 0.545 6.5

9.25 356.06 34J.za 8.318 8-5.1 4.091 0.547 6.6

9.50 357.49 342.80 8.312 8-5.0 4.110 0.549 6.6

9.7s 358.94 344.24 8.306 8-4.9 4.r28 0.552 6.6

10.00 360.38 345.69 8.300 8-4.8 4.146 0.554 6.7

10.25 361.84 347.14 8.295 8-4.7 4.164 0.557 6.7

10.50 363.29 348.60 8.289 8-4.6 4.1 83 0.559 6.7

10.75 364.75 350.06 8.283 8-4.5 4.201 0562 6.8

1 1.00 366.22 351.52 8.271 8-4.4 4.220 0.564 6.8

tt.25 367.68 3s2.99 8.271 8-4.3 4.238 0.567 6.8
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| 3.38. Carbon Dioxide Liquid-Measuring Devices

Table I

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

V.PSIA PSIG tb/gal (tb-oz)/gal lb/cu ft Ib/gal

I 1.50 369.16 354.46 8.266 8-4.2 4.257 0.s69 6.9

tt.75 310.64 355.94 8.260 8-4.2 4.276 0.572 6.9

12.00 372.12 357.42 8.254 8 - 4.1 4.29s 0.574 7.0

12.25 373.60 358.91 8.248 8-4.0 4.3r4 0.577 7.0

12.50 375.09 360.40 8.242 8-3.9 4.333 0.579 7.0

12.75 376.59 361.89 8.236 8-3.8 4.352 0.582 7.1

13.00 378.09 363.39 8.230 8 -3.1 4.371 0.584 7.1

t3.25 379.59 364.89 8.224 8-3.6 4.390 0.587 7.1

13.50 38 l. l0 366.40 8.219 8-3.5 4.410 0.589 7.2

t3.75 382.6r 367.91 8.213 8-3.4 4.429 0.592 7.2

14.00 384.13 369.43 8.207 8-3.3 4.449 0.s95 7.2

14.25 385.65 370.95 8.201 8 -3.2 4.468 0.597 7.3

14.50 387.r7 372.48 8.195 8-3.1 4.488 0.600 t-5

t4.75 388.70 374.01 8.189 8-3.0 4.508 0.603 7.4

15.00 390.24 375.54 8.1 83 8 -2.9 4.527 0.605 7.4

15.25 39t.78 377.08 8.t77 8-2.8 4.547 0.608 7.4

15.50 393.32 378.62 8.171 8-2.7 4.567 0.611 7.5

15.75 394.87 380.17 8.165 8-2.6 4.587 0.613 7.5

16.00 396.42 381.72 8.159 8 -2.5 4.608 0.616 7.5

t6.25 397.98 383.28 8.153 8-2.4 4.628 0.619 7.6

16.50 399.s4 384.84 8.r47 8-2.3 4.648 0.62t 7.6

16.75 401.10 386.41 8.141 8-2.2 4.669 0.624 7.7

17.00 402.67 387.98 8.134 8-2.2 4.689 0.627 7.7

r7.25 404.25 389.55 8.128 8 -2.1 4.710 0.630 7.7

17.50 40s.82 391. l3 8.122 8-2.0 4.731 0.632 7.8

17.75 407.41 392.71 8.116 8-1.9 4.751 0.635 7.8

18.00 409.00 394.30 8.1 10 8- 1.8 4.772 0.638 7.9
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3.3 8. Carbon Dioxide Liquid-Measuring Devices

Table I

Temp
"F

Pressure Liquid Density Vapor Density Vapor
Displacement

o/oPSIA PSIG lb/gal (lb-oz)/gal lb/cu ft lb/gal

18.25 410.59 395.89 8.104 8-1.7 4.793 0.641 7.9

18.50 412.19 397.49 8.098 8-1.6 4.814 0.644 7.9

r8.75 413.79 399.09 8.092 8-1.5 4.835 0.646 8.0

r9.00 415.39 400.70 8.085 8 - 1.4 4.857 0.649 8.0

t9.25 417.00 402.31 8.079 8- 1.3 4.878 0.652 8.1

19.50 418.62 403.92 8.073 8-1.2 4.900 0.655 8.1

19.75 420.24 405.54 8.067 8-l.l 4.92r 0.658 8.2

20.00 421.86 407.17 8.061 8-1.0 4.943 0.661 8.2

''rfu

,
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Sec. 4.40. Vehicle Tanks

A. Application

4.1. - This code applies to vehicle tanks when these are

used as commercial measures.

4.2. - This code does not apply to the following devices:

(a) Devices used solely for dispensing a product in
co¡rnection with operations in which the amount
dispensed does not affect customer charges.

(b) Meters mounted on vehicle tanks (for which see Sec.

3.31; Code for Vehicle-Tank Meters).

4.3. - Also see Sec. l.l0; General Code requirements.

S. Specifications

S.1. Design of Compartments.

S.1.1. Compartment Distortion. - The shell and
bulkheads of a vehicle tank shall be so constructed that
under any condition of liquid lading they will not
become distorted sufficiently to cause a change in the

capacity of any compartnent (as determined by vol-
umetic test) equal to more than 0.25 L per 750 L (0.5 pt

-Þèi 200 gál), or fraction. thereof, of the nominal
comparhnent capacity, or to more than 0.5 L (l pt),
whichever is greater. (This specification prescribes a

limit on permissible distortion only, and is not to be

construed as setting up a secondary tolerance on
compartrnent capacities to be added to the values given
in tolerance paragraph T.2.)

S.1.2. Venting. - During filling operations, effective
venting of a comparünent shall be provided to permit air
to escape from all spaces designed to be filled with liquid
and to permit the influx of air to the compartment during
the discharge of liquid therefrom. Venting shall prevent
any formation of air pockets.

S.1.3. Completeness of Delivery. - A tank shall be so

constructed that, when it is standing on a level surface,

complete delivery can be made from any compartrnent

4.40. Vehicle Tanks Used as Measures

Used as Measures

through its delivery faucet or valve whether other

comparftnents are full or empty, and whether or not the

delivery is tbrough a manifold.

S.1.4. FilI or Inspection Opening. - The f,rll or
inspection opening of a comparhnent shall be of such

size and location that it can readily be determined by
visual inspection that the compartrnent has been properly

filled or completely emptied and shall be so positioned

with respect to the ends of the compartment that the

indicator may be positioned as required. In no case shall

the opening, if circular, have a diameter of less than

20 cm (7-518 in), or, if other than circular, have an

effective area of less than 290 cm2 (45 in2).

S.1.5. Dome Flange and Baffle Plates. - Any dome

flange extending into a comparftnent shall be provided
with sufficient perforations or openings flush with the

comparhnent shell to prevent any trapping of air. All
baffle plates in a comparhnent shall be so cut away at top
and bottom, and elsewhere as necessary, as to facilitate
Ioading and unloading.

5.1.6. Compartment and Piping Capacities and
Emergency Valve. - If a compartrnent is equipped with
an emergency (or safety) valve, this shall be positioned

at the lowest point of outlet from the compartrnent, and

the comparhnent capacity -or capacities, .shall be
constued as excluding the capacity of the piping leading
therefrom. However, the capaciry of the piping leading
from such a comparhnent shall be separately determined
and reported, and may be separately marked as specified
in S.4.

5.1.6.1. On Vehicle Tanks Equipped for Bottom
Loading. - On equipment designed for bottom
loading, the compartment capacity shall include the

piping of a compartment to the valve located on ttre
upstream side of the manifold and immediately
adjacent thereto or, if not manifolded, to the outlet
valve, provided that on or immediately adjacent to the

marking as specified in S.4. the following words or a

statement of similar meaning shall be affixed:
"Waming: Emergency valves must be opened before
checking measurement. "
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4.40. Vehicle Tanks Used as Measures

S.1.7. Expansion Space. - When a compartÍnent is filled
to the level of the highest indicator in the comparftnent,
there shall remain an expansion space of at least 0.75
percent of the nominal comparEnent capacity as defined
by that indicator.

S.2. Design of Compartment Indicators.

S.2.1. General. - An indicator shall be so designed that
it will distinctly and unmistakably define a capacþ point
of its comparünent when liquid is in contact with the
lowest portion of the indicator.

S.2.2. Number of Indicators. - In no case shall a com-
parEnent be provided with more than five indicators.
(Amended 1972)

S.2.3. Identification of Multiple Indicators. - If a
compartnent is provided with multiple indicators, each
such indicator shall be conspicuously marked with an
identifying letter or number.

S.2"4. Location. - An indicator shall be located:

(a) midway between the sides of its compartment;

(b) as nearly as practicable midway between the ends
of its compartment, and in no case ofßet by more
than l0 percent ofthe compartrnent space or 15 cm
(6 in), whichever is less;

(c) so that it does not extend into, nor more than 15 cm
(6 in) frorrq that section of the comparünent
defrned by a vertical projection ofthe frll opening;

(Aiñeädêd 1974)

(d) at a depth, measuring from the top of the dome
opening, not lower than 46 cm (18 in) for f,rll
openings of less than 38 cm (15 in) in diameter, or,
ifother than circular, an effective area ofless than
ll30 cm2 (175 in2), and not lower than 6l cm
(24 in) for larger fill openings; and

(e) to provide a clearance ofnot less than 5 cm (2 in)
between indicators.

(Amended 1972)

S.2.5. Permanence. - Any indicator that is not intended
to remain adjustable and all brackets or supports shall be
securely welded in position.

5.2.6. Adjustable Indicators. - Adequate provision
shall be made for convenientþ aff,xing a security seal or
seals:

(a) to any indicator intended to remain adjustable, so

that no adjusftnent of the indicator can be made
without mutilating or deshoying the seal, and

(b) to any removable part to which an indicator may be
attached, so that the part cannot be removed
without mutilating or destroying the seal.

S.2.7. Sensitiveness. - The position of any indicator in
its comparftnent shall be such that at the level of the in-
dicator a change of 1.0 mm (0.04 in) in the height of the
liquid surface will represent a volume change of not
more than the value of the tolerance for the nominal
compartrnent capacity as defined by that indicator.

S.3. Design of Compartment Discharge Manifold. -
When two or more compartnents discharge through a

common manifold or other single outlet, effective means
shall be provided to ensure:

(a) that liquid can flow through the delivery line leading
from only one comparfrnent at one time and that flow
of liquid from one comparûnent to any other is
automatically prevented, or

(b) that all compartunents will discharge simultaneously.

If the discharge valves from two or more compartments are

automatically controlled so that they can only be operated
together, thus effectively connectrng these comparbnents to
one another, such comparEnents shall, for purposes of-this
paragraph, be construed to be one comparÍnent.

S.4. Marking of Compartments.

S.4.1. Compartment ldentifïcation. - Each
compartment of a multiple-compartment tank shall be
conspicuously identified by a letter or number ma¡ked on
the dome or immediately below the frll opening. Such
letters or numbers shall be in regular sequence from front
to rear, and the delivery faucets or valves shall be

marked to correspond with their respective
compartments.

S.4.2. Compartment Capacity, Single Indicator. - A
compartrnent provided with a single indicator shall be
clearly, permanently, and conspicuously marked with a

statement of its capacity as defined by its indicator.
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S.4.3. Compartment Capacity, Multiple Indicators. -
A comparftnent provided with two or more indicators

shall be clearly, permanently, and conspicuously marked

with a statement identifying:

(a) each indicator by a letter or number and, im-
mediately adj acent thereto,

(b) the capacity of the compartment as defined by the

particular indicator.

N. Notes

N.1. Test LÍquid. - Water or light fuel oil shall be used as

the test liquid for a vehicle-tank compartrnent.

N.2. Evaporation and Volume Change. - Care shall be

exercised to reduce to a minimum, evaporation losses and

volume changes resulting from changes in temperature of
the test liquid.

N.3. To Deliver. - A vehicle-tank comparrnent shall be

gauged "to deliver." If the comparfnent is gauged by
measuring the test liquid into the tank, the inside tank walls
shall fust be thoroughly wetted.

N.4. Gauging of Compartments. - When a compartment

is gauged to determine the proper position for an indicator
or to determine what a capacity marking should be, whether

on a new vehicle tank or following repairs or modifications
that might affect comparhnent capacities, tolerances are not
applicable, and the indicator shall be set and the

çopqparhn-en-t_--c-apacity shall be marked as accurately as

practicable.

N.5. Adjustment and Remarking. - rWhen a comparhnent

is found upon test to have an enor in excess of the

applicable tolerance, the capacity of the compartment shall

be adjusted to agree with its marked capacity, or its marked

capacity shall be changed to agree with its capacity as

determined bv the test.

4.40. Vehicle Tanks Used as Measures

T. Tolerances

T.1. Application.

T.1.1. To Excess and to Deficiency. - The tolerances

hereinafter prescribed shall be applied to enors in excess

and in deficiency.

T.2. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table 1.

UR. User Requirements

UR.l. Conditions of Use.

UR.1.1. Filling. - A vehicle shall stand upon a level

surface during the filling of a compartrnent.

LIR1.2. Delivering. - During a delivery, a vehicle shall

be so positioned as to assure complete emptying of a
compartment. Each comparünent shall be used for an

individual delivery only; that is, an individual delivery

shall consist of the entire contents of a comparhnent or

compartrnents.
(Amended 1976)
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4.40. Vehicle Tanks Used as Measures

Table 1.
Maintenance and Acceptance Tolerances

on Vehicle-Tank Comnartments

Nominal capacity of comDartment Maintenance and acceptance tolerances

gallons Expressed in quarts Expressed in eallons

200 or less

201 to 400, inclusive

401 to 600, inclusive

601 to 800, inclusive

801 to 1000, inclusive

over 1000

2

J

4

5

6

1 quart per 200 gallons
or fraction thereof

0.5

0.75

1.0

1.25

1.50

Add 0.25 gallon per 200 gallons
or fraction thereof
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4.41. Liquid Measures

Sec. 4.4L. Liquid Measures

A. Application

4.1. - This code applies to liquid measures; that is, to rigid
measures ofcapacity designed for general and repeated use

in the measurement of liquids.

^.2. 
- The code does not apply to test measures or other

volumetric standards.

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Units. -

a. The capacity of a liquid measure shall be 0.1 L, 0.2 L,
0.5 L, I L,2L,5 L, or a muþle of 5 L, and the measure

shall not be subdivided.

b. The capacity of a liquid measure shall be 1 gill,
l/2liquidpint, I liquidpint, I liquid quwt,l/2 gallon, 1-

l/4 gallon,1-l/2 gallor¡ or a multiple of I gallon, and the

measure shall not be subdivided. However, 3-pint and 5-
pint brick molds and 2-1.12 gallon (l0-quart) cans shall
be permitted when used exclusively for ice cream.

S.2. Material. - Measures shall be made of metal, glass,

eafhenware, enameled ware, composition, or similar and

suitable material. If made of metal, the thickness of the

inetãl-shall not be less than the appropriate value given in
Table 1.

S.3. Capacity Point. - The capacity of a measure shall be

determined to a defurite edge, or to the lowest portion of a

plate, bar, or wile, at or near the top of the measure, and

shall not include the capacity of any lip or rim that may be

provided.

S.4. Reinforcing Rings. - Reinforcing rings, if used, shall

be atûached to the outside of the measure and shall show no

divisions or lines on the inside surface of the measure.

S.5. Discharge. - A measure equipped with a discharge

faucet or valve shall be susceptible to complete discharge

tluough the faucet or valve when the measure is standing on

a level surface.

5.6. Marking Requirements. - A measure shall be marked

on its side with a statement of its capacity. If the capacity

is stated in terms of the pint or quart, the word "Liquid" or

the abbreviation "Liq" shall be included.

T. Tolerances

T.1. - Maintenance tolerances in excess and in deficiency
shall be as shown in Table 2. Acceptance tolerances shall
be one-half the maintenance tolerances.
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4.41. LiquidMeasu¡es

Minimum Thickness of Metal for Liquid Measures

Nominal capacity

Minimum thickness

For i¡on or steel, plated or un- For copper or aluminum (inch)

I pint or less

I quart, l/2 gallon, I gallon

0.010

0.014

0.016

0.020

0.028

0.032

Table 2.
Maintenance Tolerances, in Excess and in Deficiency, for Liquid Measures

Nominal capacity

Tolerance

ln excess In deficiencv

fluid d¡ams cubic inches fluid drams cubic inches

ll2 pint or less

I pint

I quart

l/2 gallon

2.0

3.0

4.0

6.0

0.4

0.7

0.9

t.4

1.0

1.5

2.0

3.0

0.2

0.3

0.5

0.7

fluid
ounces

cubic
inches

fluid
d¡ams

cubic
inches

I and l-l/4 gallons

l-l/i gaiions

1.0

1.5

1.8

2.7

4.0

6.0

0.9

1.4

fluid
ounces

cubic
inches

fluid
ounces

cubic
inches

2 gallons

3 and 4 gallons

5 gallons

l0 gallons

2.0

4.0

6.0

10.0

3.5

7.0

11.0

18.0

1.0

2.0

3.0

5.0

1.8

3.6

5.4

9.0
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4.42. Farm Milk Tanks

Sec. 4.42. Farm Mitk Tanks

A. Application

4.1. - This code applies to farm milk tanks on the

premises of producers when these are used, or are to be

used, for the commercial measurement of milk.

^.2. 
- This code does not apply to tanks mounted on

highway vehicles.

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Components. - A farm milk tank, whether ståtionary

or portable, shall be considered suitable for commercial
use only when it comprises:

(a) a vessel, whether or not it is equipped with means for
cooling its contents;

(b) means for reading the level of liquid in the tank, such

as a removable gauge rod or surface gauge; and

(c) a chart for converti¡g level-ofliquid readings to
volume.

Each compartment of a subdivided tank shall, for the
-þurposès õf this cötle, b-e consaned to be a f¿ürtn milk tank:

S.2. Design of Tank.

S.2.1. Level. - A farm milk tank shall be designed to

be in normal operating position when it is in level. The

tank shatl be so constructed that it ',¡/ill maintain its

condition of level under all normal conditions of lading.

S.2.2. Level-Indicating Means. - A tank shall be per-

manently equipped wittr sensitive meÍìns by which the

level of the tank can be determined.

5.2.2.1. On a Stationary Tank. - A stationary tank

shall be provided with such level-indicating means as

a two-way or circular level, a plumb bob, two-way
leveling lugs, or the like; or the top edge or edges of
the t¿nk shall be so constructed throughout as to
provide an accurate reference for level

determinations; provided, that when leveling lugs or
the top edge or edges of the tank are used as the

reference for level determinations, there shall be

supplied with the tank a sensitive spirit level of ap-

propriate dimensions, and the positions where such

level is intended to be used shall be permanently

marked on the reference surface of the tank; and

provided further, that when leveling lugs are used

they shall be so designed, constructed, and instatled

at the factory that any alteration of the original
position or condition, such as by hammering or
frling, would be difficult and would become obvious.

A stationary tank with a nominal capacity of 2000 L
or 500 gal, or greater shall be provided with at least

two similar level-indicating means, and these shall be

located in opposite and distant positions from each

other to facilitate an accurate level determination in
both directions of the tank's horizontal plane.

(Amended 1980)

5.2.2.2. On a Portabte Tank. - A portable tank

shall be provided with either a two-way or a circular
level.

S.2.3. Portable Tank. - A portable tank shall be of the

center-reading type; that is, it shall be so designed that

the gauge rod or surface gauge, when properly posi-

tioned for use, will be approximate! i¡ tltg-yg4ical-axig
of the tank, centrally positioned with respect to the tank

walls.

5.2.4. Capacífy. - Afarm milk tank shall be clearly and
permanently marked on a surface visible after
installation with its capaciry as determined by the

mnnufacturer. The capacity shall not exceed an amount

that can be agitated without overflowing andthø can be

measured accurately with the líquid at rest.

[Nonretroactive as of 1979.J

S.3. Design of Indicating Means.

5.3.1. General. - A tar* shall include indicating means

and shall be calibrated over the entire range ofthe
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4.42. Farm Milk Tanks

t'- *- "* volume of the tank from 5 percent of capacity or 2 nl
| (500 gal) whichever is less, to its rmximum capacity.
: [Nonretroactive as of January I, 1986.]

, (Added 1985)

i S.3.2. Gauge-Rod Bracket or Supports. - If a tank is

, designed f'or use with a gauge rod, a substantial and

i rigid gauge-rod bracket or other suitable supporting
elements for positioning the gauge rod shall be

, provided. A gauge rod and its brackets or other

r supporting elements shall be so constructed that,
: whenever the rod is placed in engagement with the

, bracket or supports a¡rd released, the rod will
r ântomatically seat itself at a fixed height and in a

; vertical position. lffhen a gauge rod is properly seated

; on its brackets or supports, there shall be a clearance of
: ãt least 7.5 cm (3 in) between the graduated face of the

r rod and any tank wall or other surface that it faces.

S.3.3. Gauge Rod. - When properly seated in position,
a rod shall not touch the bottom of ttre tank unless this
is required by the design of the supporting elements.
The rod shall be graduated throughout an interval corre-
sponding to the volume range within which readings of
liquid level are to be made.

S.3.4. Surface-Gauge Bracket or Supports. - If a

tank is designed for use with a surface gauge, a

substantial and rigid surface-gauge bracket or other
suitable supporting elements for positioning the surface
gauge shall be provided. A surface gauge and its
brackets or other supporting elements shall be so
constructed that, whenever the gauge assembly is placed
in engagement with the bracket or supports, the

-indicator, if not permanently mounted on the tank, will
automatically seat itself in correct operating position,
and the graduated element will be vertically positioned
and will be securely held at any height to which it may
be manually set.

S.3.5. Surface Gauge. - When properly engaged with
its bracket and set to its lowest position, a surface gauge
shall not touch the bottom of the tank. The gauge shall
be graduated throughout an interval corresponding to the
volume range within which readings of liquid level are
to be made.

5.3.6. External Gauge Assemblies (Added 1977)

5.3.6.1. Design and Installation. - The gauge
assembly shall be designed to meet sanitary re-
quirements and shall be readily accessible for
cleaning purposes. The gauge assembly shall be

mounted in a vertical position and equippèd with a
sliding mechanism to assist in determining the liquid
level.

S.3.6.2. Gauge Tube. - The gauge tube shall be
borosilicate glass or approved rigid plastic or rigidly
supported flexible tubing with a uniform internal
diameter not less than 2 cm (3/4 in). It shall be
designed and constructed so that all product in the
gauge can be discarded in such a manner that no
product in the gauge tube will enter tle discharge line
or tank.
(Amended 1983)

S.3.6.3. Scale Plate. - The scale plate shall be
mounted adjacent to and parallel with the gauge tube
and be no more than 7 mm (1/4 in) from the tube.

5.3.6.4. Scale Graduations. - The graduation lines
shall be clear and easily readable and shall comply
with the requirements of paragraphs included under
S.3.7. Graduations.

5.3.6.5. Venting. - An external gauge tube shall be
adequately vented at the top, open to the atmosphere.
Any auachment to the gauge tube shall not adversely
affect the operation of this vent.
(Added 1984)

S.3.7. Graduations.

5.3.7.1. Spacing and Width of Graduations. - On
a gauge rod or surface gauge, the spacing of the
graduations, center to center, shall be not more than
1.6 nim (0.0625 in or 1/16 in) and shall not be less

than 0.8 mm (0.03125 in or ll32 n). The
graduations shall not be less than 0.12 mm (0.005 in)
in width, and the clear interval between adjacent
edges of successive graduations shall be not less than
0.4 mm (0.015625 in or 1/64 in).

5.3.7.2. Values of Graduations. - On a gauge rod
or surface gauge, the graduations may be designated
in inches or in centimeters and fractions thereof, or
may be identified in a numerical series without
reference to inches or centimeters or fractions
thereof. In either case, a volume cha¡t shall be
provided for each such rod or gauge and each tank
with which it is associated, showing values in terms
of the graduation on the rod or gauge. If a rod or
gauge is associated with but one tank, in lieu of linear
or numerical series graduations and volume chart,
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vaiues in terms òf volume of liquid in thé tánk may
be shown directly on the rod or gauge.

5.3.7.3. Value of Graduated Interval. - The value

of a graduated interval on a gauge rod or surface

gauge (exclusive on the interval from the bottom of
the t¿nk to the lowest graduation) shall not exceed:

(a) 2 L for a tank of a nominal capacity of 1000 L
or less; Il2 gal for a ta¡k of a nominal capacity
of 250 gal or less;

(b) 4 L for a tank of a nominal capacity of 1001 L
to 2000 L, inclusive; I gal for a tank of a

nominal capacity of 25L gal to 500 gal,

inclusive,

(c) 6 L for a tank of a nominal capacity of 2001 L
to 6000 L, inclusive; L-l/2 gal for a tank of a
nominal capacity of 501 gal to 1500 gal,

inclusive,

(d) 8 L for a tank of a nominal capacity of 6001 L
to 10 000 L, inclusive; 2 gal for a tank of a

nominal capacity of 1501 gal to 2500 gal, in-
clusive,

(e) 8 L plus 4 L for each additional 10 000 L or
fraction thereof; for tanks of nominal capacity
above 10 000 L or 2 gal plus 1 gal for each

additional 2500 gal or fraction thereof, for t¿nks

with nominal capacity above 2500 gal.
(Amended 1980)

S.3.8. Design o! Indicafing Means on Tanks wiÍh a
Capacity Greafer thøn 8000 Liters or 2000 gallon. -
Any farm milk tank with a capacity greaÍer than 8400 L,

or 2000 gal, shall be equipped with an external gauge

assembly.

[Nonretroactive and applicable only to tanks

manufactured afier January 1, 1981.1
(Added 1980)

S.4. Design of Volume Chart.

S.4.1. General. - A volume chart shall show volume

values only, over the entire range of the volume of the

tank from 5 percent of capacity or 2 nl (500 gal)

whichever is less, to its mnximum capacity.* All letters

and figures on the chart shall be distinct and easily

readable. The charf shall be substantially constn¡cted,

4.42. FarmMilk Tanks

and the face of the chart Châll be so þrotectëd thât its
lettering and figures will not tend easily to become
obliterated or illegible.

[*Nonretroactive as of January I, 1986.]
(Amended 1985)

S.4.2. For a Tank of 10ffi Liters, or 250 Gallons, or
Less. - The volume chart for a tank of nominal capacity
of 1000 L, or 250 gal, or less shall show values at least

to the nearest 1 L, or ll4 gal.

S.4.3. For a Tank of 1001 Liters to 2000 Liters, or
251to 500 Gallons. - The volume chart for a tank of
nominal capacity of 1001 L to 2000 L, or 251 gal to
500 gal, inclusive, shall show values at least to the
nearest 2 L, or I/2 gal.

S.4.4. For a Tank of Greater than 2000 Liters, or
500 Gallons. - The volume chart for a tank of nominal
capacity ofgreater than 2000 L, or 500 gal, shall show
values at least to the nearest gallon, or 4 L.
(Amended 1980)

S.5. Gauging.

S.5.1. Level. - A farm milk tank shall be level, as

shown by the level-indicating means, during tlte original
gauging operation.

S.5.2. To l)eliver. - A farm milk tank shall be
originally gauged "to deliver." If the tank is gauged by
measuring the test liquid into the tank, the inside tank
walls shall first be thoroughly wetted and the tank shall
then be drained for 30 seconds after the main drainage
flow has ceased.

S.5.3. Preparation of Volume Chart. - When a tank
is gauged for the purposes of preparing a volume chart,
tolerances are not applicable, and the chart shall be
prepared as accurately as practicable.

5.6. Identification. - A tånk and any gauge rod, surface
gauge, spirit level, and volume chart intended to be used
therewith shall be munrally identified, as by a cortmon
serial number, in a prominent and permanent manner.

N. Notes

N.1. Test Liquid. - Water shall be used as the test liquid
for a farm milk tank.

N.2. Evaporation and Volume Change. - Cæe shall be

exercised to reduce to a minimum, evaporation losses and
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4.42. Farm Milk Tanks

" volume changes resulting from changes in temperature of
the test liquid.

N.3. To l)eliver. - A farm milk tank shall be tested "to
deliver. " If the tânk is gauged by measuring the test liquid
delivered into the tank, the inside tank walls shall first be
tïoroughly wetted and the tank then shall be drained for 30
seconds after the main drainage flow has ceased.

N.4. Level. - A farm milk tank shall be level, as shown
by the level-indicating means, during gauging and testing.

N.5. Test Methods. - Acceptance tests of milk tânks may
be of either ttre prover method or the master meter method
provided that the master metering system is capable of
operating within 25 percent of the applicable tolerance
found in T.3. Subsequent tests may be of either the prover
method or the master meter method provided that the
master metering system is capable of operating within 25
percent of the applicable tolerance found in T.4.

N.6. Reading the Meniscr¡s. - When a reading or setting
is to be obtained from a meniscus formed by milk or other
opaque liquid, the index or reading line is the position of
the highest point of the center of the meniscus. \Ihen
calibrating a device with water and the device is to be used
with an opaque liquid, the reading should be obtained
accordingly; that is, the position of the highest point of the
center of the meniscus.
(Added 1984)

T. Tolerances

T.!,,. Appliçgtion. - The to-lerances hereinafter prescribed
shall be applied equally to errors in excess and errors in
deficiency.

T.2. Minimum Tolerance Values. - On a particular tank,
the maintenance and acceptance tolerance applied shall be
not smaller than the volume corresponding to the graduated
interval at the point of test draft on the indicating means or
one-half gal, or 2 L, whichever is greater.
(Amended 1980)

T.3. Basic Tolerance Values. - The basic maintenance
and acceptance tolerance shall be 0.2 percent of the
volume of test liquid in ttre tank at each test draft.
(Amended 1975)

T.4. Basic Tolêrâncê Vâlues, Master Metef Mêthôd. -
The basic maintenance and acceptance tolerance for tanks
tested by the master meter method shall be 0.4 percent of
the volume of test liquid in the tank at each test draft.
(Added 1975)

UR. User Requirements

UR.l. Installation. - A stationary tank shall be rigidly
installed in level without the use of removable blocks or
shims under the legs. If such ta¡k is not mounted
permanently in position, the correct position on the floor
for each leg shall be clearly and permanently defined.

UR.2. Level Condition.

IJR.2.1. Stationary Tank. - A stationary farm milk
tank shall be maintained in level.

UR.2.1.1. Leveling Lugs. - If leveling lugs are
provided on a stationary tank, such lugs shall not be

hammered or filed to est¿blish or change a level
condition of the tank.

UR.2.2. Portable Tank. - On a portable tânk,
measurement readings shall be made only when the tank
is approximately level; that is, when it is not out of
level by more than 5 percent or approximately 3 degrees

in any direction.

IJR.3. Weight Chart. - An auxiliary weight chart may be

provided, on which shall be prominently displayed the
weight per unit volume value used to derive the weight
values from the offrcial volume cha¡t.

UR.4. Use. - A farm milk tank shall not be used to
measure quantities greater than an amount that can be

agitated without overflowing.
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4.43. Measure-Containers

A. Application

4.1. - This code applies to measure-containers, including
lids or closures ifsuch are necessary to provide total enclo-

sure of the measu¡ed commodity, as follows:

(a) Retail measure-containers intended to be used only
once to determine at the time of retail sale, and from
bulk supply, the quantity of commodity on the basis of
liquid measure. The retail measure-container serves

as the container for the delivery of the commodity.

(b) Prepackaged measure-containers intended to be used

only once to determine in advance of sale the quantity

of a commodity (such as ice cream, ice milk, or
sherbet) on the basis of liquid measure. The prepack-

aged measure-container serv€s as the container for the

delivery of the commodity, in either a wholesale or a

retail marketing unit.

4.2. - This code does not apply to rigid containers used for
milk, cream, or other fluid dairy products, which are

covered by packaging requirements.

4.3. - See also Sec. 1.10; General Code requirements.

S; Specifications

S.1. Units. - The capacity of a measure-container shall be

a multiple of or a binary submultiple of a quart or a liter,
and the measure shall not be subdivided. However, for
prepackaged measure-containers, any capacity less than

l/4 L or l/2 liquid pint shall be permitted.
(Amended 1979)

S.2. Capacity Point. - The capacity of a measwe-container

shall be sharply defined by:

(a) the top edge,

(b) a line near the top edge, or

(c) the horizontal cross-sectional plane established by the

bottom surface of the removable lid or cap when

seated in the container.

Sec. 4.43. Measure-Containers

S.3. Shape. - A measure-container shall be designed as

some suitable geometrical shape, and its capacity shall be

determined without distortion from its normal assembled

shape.

S.4. Marking.

S.4.1. Capacity Point. - If the capacity point of a mea-

sure-container is defined by a line, the container shall be

marked conspicuously on its side with a suitable

statement clearly identifying this line as the capacity
point.

S.4.2. Capacity Statement. - A measure-container shall

be clearþ and conspicuously marked with a statement of
its capacity in terms of one of the units prescribed in S. I .

N. Notes

N.1. Test Liquid. - Water shall be used as the test liquid
for a measure-container.

N.2. Preparation of Container for Test.

N.2.1. General. - Before an actual test is begun, a

measure-container shall, if necessary, be so restrained

that it will maintain its normal assembled shape. and that

its sides will not bulge when it is {illed with water'

N.2.2. Restraining Form for Test.

N.2.2.1. For Rectangular Containers of One Liter,
One Quarter Less. - Bulging of the sides of a rectan-
gular measure-container of l-liter (1-quart) capacity

or less may be controlled by holding against each side

of the container, with a cord, rubber bands, or tape, a

metal plate or a piece of heavy cardboard slightly
smaller than the side of the container.
(Amended 1979)
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4.43. Measure-Containers

N 2.2.2. For Rectangular Prepâckaged Measure--
container of Two Quarts or Two Liters or Greater.
- A rectangular prepackaged measure-container of
2-liter (2-quart) capacity or greater shall be supported
during a test by a rigid restraining form. This form
shall restain not less than the enti¡e area ofthe central
two-thirds of each side of the container, measured
from bottom to top. The inside width dimension of
any side panel of the restraining form shall be I.6 mm
(l/16 in) greater than the corresponding outside
dimension of the container. (The outside width
dimension of any side panel of the container shall be
established by adding to the inner side center-of-score
to center-of-score dimension two thicknesses of the
board used, and the sum thus obtained shall be
rounded off to the nearest 0.4 mm (l/64 n't).

(Amended 1979)

T. Tolerances

T.1. Tolerances on an Individual Measure. - The
acceptance tolerances in excess and in def,rciency on an
individual measure shall be as shown in Table ..

T.2. Tolerance on Average Capacity. - The average
capacity on a random sample of ten measures selected from
a lot of 25 or more shall be equal to or greater than the
nominal capacity.
(Amended 1979)

UR. User Requirements

URl. Limitation of Use. - The use of a measue-container
with a rectangular cross section of a capacity of 2 L (2 qt)
or greater shall be limited to the packaging, in advance of
sale, of ice cream, sherbet, or other similar frozendesserts.
(Amended 1979)

Table 1.

Acceptance Tolerances,
in Excess and in Deficiencv. for Measure-Containers

Nominal Capacity

Ll4liter or less

l12liter

Tolerance

In excess In deficiencv

milliliters milliliters

10

l5

20

Add per liter
10 milliliters

5.0

7.5

10.0

Add per liter
5.0 milliliters

I liter

Over I liter

fluid drams cubic inches fluid drams cubic inches

ll2 pnt or less

l pint

1 quart

2 quarts

3 quarts

4 quarts

Over 4 quarts

3

4

6

9

10

t2

Add per quart 3

fluid drams

0.6

1.0

1.4

2.0

2.4

2.8

Add per quart
0.7 cubic inch

1.5

2.0

3.0

4.5

5.0

6.0

Add per quart
1.5 fluid drams

0.3

0.5

0.7

1.0

1.2

r.2

Add per quart
0.35 cubic inch
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4.44. Graduates

Sec. 4.44. Graduates

A. Application S. SpecifÏcations

4.1. - This code applies to subdivided glass measures of S.1. Units. - Nominal capacities, graduation ranges,
capacity, either cylindrical or conical in shape. values of graduated intervals, and numbered graduations

applicable to single-scale graduates and to the appropriate
4.2. - See also Sec. 1.10; General Code requirements. portions of double scale graduates shall be as shown in

Table 1.

Table l.
Design Details for Graduates

Nominal
capacity To be graduated between

Value of
graduated intervals

Number at each
graduation divisible

bv

milliliters milliliters milliliters milliliters

5

10

25
50

100

s00
I 000

land 5

2and 10

5 and 25
10 and 50
20 and 100

100 and 500
200 and 1 000

L12

I

5

5

10

25
50

I
2
s

l0
20
50

100

mlnlms mrmms mlnlms mmlms

60
120

15 and 60
30 ¿rnd 120

5

10

10"
-20b

fluid drams fluid drams fluid drams fluid drams

4
8

land 4
2and 8

l/2
1

I
2

fluid ounces fluid ounces fluid ounces fluid ounces

2

4
8

t6
32

ll2 md
I and
2 and
4 and

8 and

2
4
I
t6
32

U4
Lt2
U2

I
2

Lt2
1

I
2
4

And, in addition, at the first (l5-minim) graduation.
And, in addition, at the first (30-minim) sraduation.

o
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, 4.44. Graduates

i

I

r-*---S.2. Initial Interval. - A graduate shall have an initial

i interval that is not subdivided, equal to not less than one-

l fifth and not more than one-fourth of the capacity of the

, graduate'

r S.3. Shape. - A graduate of a capacity of more than

15 mL (4 fluid drams) may be of either the cylindrical or
, circular conical type. A graduate of a capacity of 15 mL
, (4 fluid drams) or less shall be of the single-scale

I cylindrical type.

i S.4. Material. - A graduate shall be made of good-

quality, thoroughly annealed, clear, transparent glass, free

: from bubbles and streaks that might affect the accuracy of
r measurement. The glass shall be uniform in thickness and

. shall not be excessivelv thick.

I S.5. Dimensional Proportions

S.5.1. On a Circr¡lar Conical Graduate. - The inside

measurement from the bottom of a circular conical
graduate to the capacity graduation shall be not less than

two times the inside diameter at the capacity graduation.

The inside measurement from the bottom of the

graduate to the point representing one-fourth of the

capacity shall be not less than the inside diameter at that
point.

S.5.2. On a Cylindrical Graduate. - The inside
measurement from the bottom of a cylindrical graduate

to the capacity graduation shall be not less than f,tve

times the inside diameter at the capacity graduation.

5.6. Base. - The base of the graduate shall be

perpendicular to the vertical axis of the graduate. The
diameter of the base shall be of such size that the empty
graduate will remain standing on an inclined surface of 25

percent, or approximately 15 degrees, from the horizontal.

S.7. Design of Graduations

S.7.1. General. - Graduations shall be perpendicular to

the vertical axis of the graduate and parallel to each

other. Graduations shall be continuous, of uniform
thickness not greater than 0.4 mm (0.015 in), clearly
visible, permanent, and indelible under normal
conditions of use.
(Amended 1977)

5.7.2. On a Single-Scale Graduate. - On a single-
scale graduate, the main graduations shall completely
encircle the graduate and subordinate graduations shall

extend at least one-half the distance around tho
graduate.

S.7.3. On a Double-Scale or a Duplex Graduate. -

On a double-scale or duplex graduate, there shall be a

clear space between the ends of the main graduations on
the two scales, and this space shall be approximately 90
degrees from the lip of the graduate and shall conform
to the requirements of Table 2.

Table2.
Clear Space Between Ends of Main

Graduations on Double Scale Graduates

Inside diameter of
graduate at the

graduations

(inches)

Clear space

between ends of
main graduations

(inch)

Less than 1.5

1.5 to 3, inclusive

Over 3

Il8 to l/4

tl4 to ll2

3/8 to 5/8

S.8. Basis of Graduation. - A graduate shall be

graduated "to deliver" when the temperature of the
graduate is 20 'C (68 "F), and shall be marked

accordingly in a permanent and conspicuous manner.

S.9. Marking Requirements. - Each main graduation

shall be marked to show its value. Intermediate
graduations shall not be marked. Value figures shall be

uniformly positioned either di¡ectly upon or immediately

above the graduations to which fhey refer. Figures placed

upon graduations shall be set in from the ends of the
graduations a suff,icient distance to allow the ends of the

graduations to be used in making a setting.

N. Notes

N.1. Test Liquid. - Water shall be used as the test liquid
for graduates.

N.2. Temperature Control. - During the test of a

graduate, appropriate precautions shall be exercised to
reduce any detrimental temperature effects to the prac-

ticable minimum.
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4.44. Graduates

T. Tolerances

T.1. - Maintenance and acceptance tolerances in excess
and in deficiency shall be as shown in Table 3 for
graduates that a¡e graduated "to contain', or ',to deliver."
(The tolerance to be applied at any graduation is
determined by the inside diameter of the graduate at the
graduation in question.)

Table 3.
Maintenance and Acceptance Tolerances, in Excess and

0
t6
2l
26
3l
36
4l
46
51

56
6l
66
7l
76
81

86

9l
96

l6
2l
76
3l
36
4l
46
5t
56
6l
66
7L

76
8l
86
91

96
101

0.1
0.2
o.4
0.6
0.8
1.1

r.4
1.8

2.2
2.8
3.4
4.r
4.8
5.6
6.4
7.2
8.1

9.0

0
9n6

t3n6
I Ur6
L 5116

1 9/16
L I3n6
2 uI6
2 5n6
2 9n6
2 r3n6
3 TIL6
3 5tI6
3 9tr6
3 3n6

9/16
t3/t6

I rl16
I 5116
| 9tr6
I t3/16
2 ut6
2 str6
2 9tr6
2 t3tr6
3 Ul6
3 5tI6
3 9tr6
3 r3tr6
4 UL6

)
J
6

10

l5
20
30
40
50
65
80
95

110

130

150

(Table Amended 1974)
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Sec. 4.45.

A. Application

4.1. - This code applies to rigid measures of capacity
designed for general and repeated use in the measurement
of solids, including capacities of ll2 bushel or more.

^.2. 
- This code does not apply to "standard containers"

used fbr the measuremenr of tiuits and vegetables and as

shipping containers thereof.

4.3. - This code does not apply to berry baskets and boxes
(for which, see Sec. 4.48; Code for Berry Baskets and
Boxes).
(Added 1976)

4.4. - See also Sec. 1.10; General Code requiremenrs.

S. Specifications

S.1. Units. - The capacþ of a measure shall be I bushel,
a multiple of the bushel, or a binary submultiple of the
bushel, and the measure shall not be subdivided or double-
ended.

S.2. Material. - A dry measure shall be made of any
suitable material that will retain its shape during normal
usage.

S.3. Shape. - A measure, other than a basket, of a
capacity of L/2 bushel or less, shall be cylindrical or
conical in shape. The top diameter shall in no case be less
than the appropriate minimum diameter shown in Table I
(next page). The bottom of a measure, other than a
basket, shall be perpendicular to the vertical axis of the
measure and shall be flat, except that a metal bottom may
be slightly comrgated. The bottom of a measure shall not
be adjustable or movable.

S.3.1. Òonical Dry Measure. - If conical, the top
diameter shall exceed the bottom diameter bv not more
than 10 percent of the bottom diameter.

S.4. Capacity Point. - The capacity of a measure shall be
determined by the top edge of the measure.

4.45. Dry Measures

Dry Measures

S.5. Top Reinforcement. - The top edge of a measure

shall be reinforced. On a wooden measure other than a
basket, of a capacity of 1 quart or more, this reinfor-
cement shall be in the form of a firmly attached metal
band.

Table 1.

Minimum Top Diameters for
Dry Measures other than Baskets

Nominal capacity Minimum top diameter
inches

1 pint

I quart

2 quarts

ll2 peck

I peck

1/2 bushel

4

5 3/8

6 5/8

8u2

to7t8

t3 3t4

5.6. Marking Requirements. - A measure shall be
conspicuously marked on its side with a statement of its
capacity. If the capacify is stated in terms of the pint or
quart, the word "Dry" shall be included. Tbe capacity
statement shall be in letters of the following dimensions:

(a) At least Il2 nch high and tl4 nch wide on a
measure of any capacity between ll2pnt urd 1 peck.

(b) At least 1 inch high and Ll2 inch wide on a measure
of a capacity of ll2 bushel or more.

(c) On a measure of a capacity of 1/4 pint or less, the
statement shall be as prominent æ practicable,
considering the size and design of such measure.
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4.45. Dry Measures

N. Notes

N.1. Testing Medium.

N.l.L. Watertight Dry Measures. - Water shall be

used as the testing medium for watertight dry measures.

N.1.2. Nonwatertight Dry Measures. - A dry
measure shall be tested either volumetrically using rape

seed as a testing medium or geometrically through

inside measurement and calculation.
(Amended 1988)

T. Tolerances

T.1. - Maintenance tolerances in excess and in deficiency

shall be as shown in Table 2. Acceptance tolerances shall

be one-half the maintenance tolerances.

Table 2.

Maintenance Tolerances, in Excess and in Deficiency,

In deficiency

cubic inches

In excess

cubic inches

0.05

0.1

0.15

0.3

0.5

1.0

1.5

2.5

5.0

8.0

15.0

25.0

0.1

0.15

0.25

0.5

1.0

2.0

3.0

5.0

10.0

16.0

30.0

50.0

1132 pnt or less

l/16 pint

1/8 pint

ll4pnt
Il2 pint

I pint

I quart

2 quarts

Il2peck

1 peck

1/2 bushel

I bushel
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4.46. Berry Baskets and Boxes

Sec. 4.46. Berry Baskets and Boxes

A. Application

4.1. - This code applies to baskets and boxes for berries
and small fruits in capacities of I dry quart and less.

,4'.2. - See also Sec..1.l0; General Code requirements.

S. Specifications

S.1, Ulits. - The capacity of a berry basket or box shall
be ll2 dry pint, 1 dry pint, or I dry quart.

S.2. Materials. - A berry basket or box shall be made of
any suitable materials that will retain its shape during
normal tilling, storage, and handling.

S.3. Capacity Point. - The capacity of a berry basker or
box shall be determined by its top edges.

N. Notes

N.1. Method of Test. - A berry basket or box may be

tested either volumetricalfy, using rape seed as the testing
medium, or geometrically through âccurate inside dimen-
sion measurement and calculation.

T. Tolerances

T.1. Tolerances on Individual Measures. - Maintenance
and acceptance tolerances in exóess and deficiency on an

individual measure shall be as shown in Table 1.

T.2. Tolerances on Average Capacity. - The average
capacity on a random sample of 10 measures selected from
a lot of 25 or more shall be equal to or greater than the
nominal capacity.
(Amended 1979)

Table l.
Maintenance and Acceptance Tolerances

in Excess and in Deficiencv

Nominal
Capacity

Tolerance

In excess

cubic inches
In def,rciency
cubic inches

l/2pnt

I pint

I quart

1

2

J

0.5

1.0

1.5
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A. Application

4.1. - This code applies only to mechanisms and machines
designed to indicate automatically (with or without
value-computing capabilities) the length of fabric passed

through the measuring elements.

A.2, - lnsofar as they are clearly appropriatË, the
requirements and provisions of this code apply also to
devices desigaed for the commercial measurement of other
material simila¡ to fabrics, in sheet, roll, or bolt form.

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Units. - A fabric-measuring device shall indicate
lengths in terms of 10 cm (l/8 yd), 25 cm(ll4 yd), 50 cm
(1/2 yd), and meters (yd). In addition, lengths may be
indicated in terms of any or all of the following
subdivisions: 30 cm (l/3 yd), 6 cm(1116 yd), meters and
centimeters (feet and inches). Digital indicators may
indicate values in decimal fractions.
(Amended 1977)

S.2. Design of Indicating Elements.

S.2.1. Graduations.

5.2.1.1. Length. - Graduations shall be so varied in
length that they may be conveniently read.

5.2.1.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case
be less than 0.2 mm (0.008 in) in width.

S.2.f 3. Clear Interval Between Graduations. - The
clear interval between graduations shall be at least 6
mm for cm graduations (l/4 in) for ll9-yard. gradua-

Sec. 5.50. Fabric-Measuring Devices

5.50. Fabric-Measuring Devices

tions), and 3 mm for 20-cm graduations (l/8 inch for
l-inch graduations).

S.2.2. Indicator.

5.2.2.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at

least throughout that portion of its length associated

with the graduations.

5.2.2.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
unless the indicator and the graduations are in the

same plane, in which case the distance between the

end of the indicator and the ends of the graduations,

measured along the line of the graduations, shall be

not more than 1.0 mm (0,04 in).

5.2.2.3. \ryidth. - The index of an indicator shall not
be wider than the narrowest graduations with which it
is used, and shall in no case exceed 0.4 mm (0.015 in).

5.2.2.4. Clearance. - The clearance between the

index of an indicator and the graduations shall in no

case be more than 1.5 mm (0.06 in).

5.2.2.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

S.2.3. Money-Value Computations.

5.2.3.1. Full-Computing Type. - In this type, the
money value at each of a series of unit prices shall be
computed automatically for every length within the

range of measurement of the fabric-measuring device.
Value graduations shall be provided and shall be

accurately positioned. The value ofeach graduated

interval shall be I cent at all prices per yard of 30

cents and less, and shall not exceed 2 cents athigher
pricçs per yard. Five-cent intervals may be

represented in the 2-cent range by special graduafions,

but these shall not be positioned in the clear intervals
between graduations of the regular series.
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5.50. Fabric-Measuring Devices

5.23.2. Limited-Computing Type. - ln this type, the
money value at each of a series of unit prices shall be
computed automatically only for lengths correspond-
ing to a definite series oflength graduations. There
shall be no value graduations. At no position that the
chart can assume shall two value figures at the same
price per yard be completely aud clearly exposed to
view at one time. Money values shown shall be
mathematically accurate, except that a fraction of less

thanl/Z cent shall be dropped and the next higher cent
shall be shown in the case of a fraction of l/2 cent or
more. One of the following requirements shall be
met:

(a) There shall be a money-value computation for
each length graduation within the range of
measurement of the device.

(b) No money-value computation shall be exposed
to view except at such times as the device shows
a length indication for which a corresponding
series of value indications is computed.

(c) Each column or row of money-value computa-
tions shall be marked to show the length to
which the computations correspond, the device
shall be marked to show the character and
limitations of the computations, and there shall
be computations corresponding to at least l0 cm
(1/8 yd) throughout the range of measurement of
the device.

S.2.4. Return to Zero. - Primary indicating elements
shall be readily returnable to a definite zero indication.
Means shall be provided to prevent the return of the
indicating elements beyond their correct zero positions.

S.3. Marking Requirements. - If a device will not
accurately measure all fabrics, it shall be marked to indicate
clearly its limitations.

S.4. Design Accuracy. - Indications of length and money
value shall be accurate whether the values of the indications
are being increased or decreased.

N. Notes

N.l. Testing Medium. - A fabric-measuring device shall
be tested with a suitable testing tape approximately 7.62 cm
(3 in) wide and with a graduated length of at least I I mm

(12 yd), made from such material and having such surface

finish as to provide dimensional stability and reduce

slippage to the practicable minimum.

T. Tolerances

T.1. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table 1.

UR User Requirements

IlR.l. Installation Requirements.

uR-1.1. Installation. - A fabric-measuring device shall

be securely supported and firmly fixed in position.

lJR.2. Use Requirements.

UR.2.1. Limitation of Use. - A fabric-measuring device

shall be used to measure only those fabrics that it was

designed to measure, and in no case shall it be used to
measure a fabric that a marking on the device indicates

should not be measured.

I1R.2.2. Return of Indicating Elements to Z¿ro. - The
primary indicating elements shall be returned to zero

before each measurement.
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5.50. Fabric-Measuring Devices

Table 1.
Maintenance and Acceptance Tolerances

for Fabric-Measuring Devices

Indication of
device

(yards)

Maintenance tolerance Acceptance tolerance

On under-
registation

(inches)

On over-
regisfration

(inches)

On under-
regishation

(inches)

On over-
registation

(inches)

2 or less

3

4

5

6

7and8

9

l0and ll
12 and 13

14 and l5

Over 15

. 3t8

3t8

u2

5/8

3/4

1

1-u4

t-U2

r-3/4

2

Add l/8 inch per
indicated yard

3/8

3/8

l/2

5/8

3/4

7/8

I

Add l/16 inch per
indicated yard

t/4

5n6

5n6

ll4

lt4

t/4

5/16

3/8

t/2

5t8

3/4

7/8

I

Add l/16 inch
per indicated yard

1/8

5132

5132

3l16

3/16

U4

5/t6

3/8

7/16

l12

^dd 
ll32 inch per

indicated yard
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5.51. Wire- and Cordage-Measuring Devices

Sec. 5.51. Wire- and Cordage-Measuring Deviees

A. Application

4.1. - This code applies to mechanisms and machines
designed to indicate automatically the length of cordage,
rope, wte, cable, or similar flexible material passed through
the measuring elements.

4.2. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Units. - A wire- or cordage-measuring device shall
indícate lengths in terms of feet, yards, or meters, or combi-
nations of units of the same measurement system, and shall
have minimum increments with values that do not exceed
the equivalent of 0. I meter or 0.1 yard.
(Amended 1989)

S.2. Design of Indicating Elements.

S.2.1. Graduations.

5.2.1.1. Length. - Graduations shall be so varied i¡
length that they may be conveniently read.

S.2.1.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and the width of main graduations shall
be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case

be less than 0.2 mm (0.008 in), nor more than 1.0 mm
(0.04 in), in width.

5.2.1.3. Clear Interval Between Graduations. - The
clear interval between graduations shall be at least as

wide as the widest graduafion, and in no case less than
0.8 mm (0.03 in).

S.2.2. Indicator.

5.2.2.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least throughout that portion of its length associated
with the graduations.

5.2.2.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,

unless the indicator and the graduations are in the
same plane, in which case the distance between the

end ofthe indicator and the ends ofthe graduations,
measured along the line of the graduations, shall be
not more than 1.0 mm (0.04 in).

5.2.2.3. Width. - The index of an indicator shall not
be wider than the narrowest graduations with which it
is used, and shall in no case exceed 0.a mm (0.015 in).

5.2.2.4, Clearance. - The clearance between the

index of an indicator and the graduations shall in no
case be more than 1.5 mm (0.06 in).

S.2.2.5. Parallax. - Parallax effects shall be reduced
to the practicable minimum.

S;2.3. Zero Indication. - Primary indicating elements
shall be readily returnable to a definite zero indication.

S.3. Design of Measuring Elements.

S.3.1. Sensitiveness. - If the most sensitive element of
the indicating system utilizes an indicator and
graduations, the relative movement of these parts
corresponding to a measurement of 30 cm ( I ft) shall be
not less than 6 mm (l/a in).

S.3.2. Slippage. - The measuring elements of a wire- or
cordage-measuring device shall be so designed and
constructed as to reduce to the practicable minimum any
slþage of material being measured and any lost motion
in the measu¡ing mechanism.

S.3.3. Accessibility. - A wire- or cordage-measuring
device shall be so constructed that the measuring
elements are readily visible and accessible, without
disassembly of any supporting frame or section of the
main body, for purposes of cleaning or removing any
foreign matter carried into the mechanism by the
material bejng measured.

S.4. Marking Requirements.

S.4.1. Limitation of Use. - If a device will measure
accurately only certain configurations, diameters, types,
or varieties of materials, or with certain accessory
equipment, all limitations shall be clearly and
permanently stated on the device.

5-7



5.51. Wire- and Cordage-Measuring Devices

S.4.2. Operating lnstructions. . Any necessary-

operating instructions shall be clearly stated on the

device.

S.4.3. Indications. - Indicating elements shall be

identifred by suitable words or legends so that the values

of the indications will be unmistakable.

S.5. Design Accuracy. - Indications of length shall be

accurate whether the values of the indications are being

increased or decreased.

N. Notes

N.1. Testing Medium. - Wherever feasible, a wire- or

cordage-measuring device shall be tested with a steel tape

not less than l0 mm (3/8 in) in width and at least 15 m
(50 fÐ in length. . When a device cannof be tested in this
mamer because of the design of the device, it shall be

tested with a dimensionally stable material appropriately

marked and compared at frequent periodic intervals with a

steel tape in order to assure that any marked interval is not

in error by more than l/3 of the tolerance of the device at

that particular interval.
(Amended 1981)

N.2. Minimum Test. - Tests shall be conducted at a
minimum initial increment of 5 m (20 ft) and appropriate

increments up to at least l5 m (50 ft).

T. Tolerances

T.1. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table l.

UR. User Requirements

UR.l. Installation Requirements.

UR.1.1. Installation. - A wire- or cordage-measuring

device shall be securely supported and firmly f,rxed in
position.

UR.2. Use Requirements.

UR.2.1. Limitation of Use. - A wire- or

cordage-measuring device shall be used to measure only

those materials that it was designed to measure' and in no

case shall it be used to measure a material that a marking

on the device indicates should not be measured.

IIR.2.2. Return to Zero.' The primary indicating

elemcnts of a wire- or cordage-mqasuring device sh4ll be

returned to zero before each measurement.

UR.2.3. Operation of Device. - A wi¡e- or

cordage-measuring device shall not be operated in such

a manner as to cause slippage or inaccurate meas-

urement.

t1R.2.4. Cleanliness. - The measuring elements of a
wire- or cordage-measuring device shall be kept clean to

prevent buildup of dirt and foreign material that would

adversely affect the measuring capability of the device.

Table 1.

Maintenance and Acceptance Tolerances for
Wire- and Cordage-MeasurÍng Devices

Indication of device
(feet)

Acceptance and maintenance tolerances

0n underregistration
(inches)

On overregistration

20

Over 20 to 30

Over 30 to 40
Over 40 to 50

Over 50

6

8

r0
l2

Add 2 inches per indicated 10 feet

J

4
J

6

Add I inch per indicated 10 feet
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5.52. Linear Measures

Sec. 5.52. Linear Measures

A. Application

4.1. - This code applies to any linear meastue or measure of
length, whether flexible or inflexible, permanently installed

or portable.

.A.2. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.l.M. Units. - A linear measure rnay be in total length, and

the total length may be subdivided in any or all of the

following:

(a) centimeters and tenths of the centimeter;
(b) meters; and
(c) multiples of meters

A l-m measure may be graduated, in addition, to show 0. 1-

m and multiples of 0.1-m subdivisions.

S.1. Units. - A linear measure may be in total length, and

the total length may be subdivided in any or all of the

followine:

inches and binary submultiples of the inch;
feet;
yards and multiples of yards.

A l-yd measure may be graduated, in addition, to show

1/3-yd and 2/3-yd subdivisions. A flexible tape may be

graduated in tenths or hund¡edths of a foot, or both tenths

and hundredths of a foot. (Any other subdivisions are

allowable only on measures of special purpos€s and when

required for such purposes.)

S.2. Material.

S.2.1. Flexibte Tape. - A flexible tape shall be made of
metal.

S.2.2. End Measure. - If an end measure is made of
material softer than brass, the ends of the measure shall

be protected by brass (or other metal at least equally

hard) securely attached.

S.3. Finish. - Measures shall be smoothly finished.

S.4. Design.

S.4.1. Rigid Measure. - A rigid measure shall be

skaight.

S.4.2. Folding Measure. - A folding measure shall open

to a definite stop, and when so opened shall be staight.

S.5. Graduations.

S.5.1. General. - Graduations shall be perpendicular to

the edge of the measure.

S.5.2. Width. - The width of the graduations on any

measure shall not exceed one-half the width of the

smallest graduated interval on the measure, and in no

case shall be wider than 0.75 mm (0.03 in).
(Amended 1982)

T. Tolerances

T.1. For Measures Except Metal Tapes. - Maintenance

tolerances in excess and in deficiency for measures except

metal tapes shall be as shown in Table 1. Acceptance

tolerances shall be one-half the maintenance tolerances.

Table l.
Maintenance Tolerances, in Excess

and in DefÏciency, for Linear Measures Except
Metal TaPes

Nominal interval
from zero

Tolerance

feet inch

l/2 or less

I
2
3

4
5

6

u64
u32
ur6
3t32
l/8

5132

3n6

(a)

(b)
(c)
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5.52. Linear Measures

T.2. For Metal Tapes. - Maintenance and acceptance
tolerances in excess and in def,rciency for metal tapes shall
be as shown in Table 2. Tapes of l0 m (25 ft) or over shall
be tested at a tension resulting from a load of 5 kg (10 lb).
Tapes less than l0 m (25 ft) shall be tested at a tension
resulting from a load of 2.5 kg (5 lb). However, flexible
metal tapes of 10 m (25 fÐ or less that are not normally
used under tension shall be tested with no tension applied.

All tapes shall be suppoded throughout on a horizontal flat
surface whenever tested.
(Amended 1972)

Table 2.
Maintenance and Acceptance Tolerances,

in Excess and in Deficiency, for Metal Tapes

Nominal interval
-frõm 

àèro
Tolerance'

feet inch

6 or less

7 to 30, inclusive
3l to 55, inclusive
56 to 80, inclusive

8l to 100, inclusive

1132

u16
l/8

3n6
1/4
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5.53. Odometers

Sec. 5.53. Odometers

A. Application

4.1. - This code applies to odometers that are used or are

to be used to determine the charges for rent or hire of
passenger vehicles and trucks and buses. (When official
examinations are undertaken on odometers that form the

basis for the payment of fees or taxes to, or the

preparation of reports for, governmental agencies, and in
similar cases, the requirements of this code shall be

applied insofar as they are applicable and appropriate to

the conditions of such special uses.)
(Amended 1977)

L.2. - This code does not apply to taximeters (for which
see Sec. 5.54; Code for Taximeters).
(Amended 1977)

4.3. - See also Sec. 1.10; General Code requirements.

S. Specifïcâtions

S.1. Design of Indicating Elements.

S.1.1. General. - The primary indicating element of an

odometer may be:

(a) the distance-traveled portion of the "speedometer"
assembly of a motor vehicle;

(b) a special cable-driven distance-indicating device;
or

(c) a hub odometer attached to the hub of a wheel on
a motor vehicle.

(Amended 1977)

S.1.2. Units. - An odometer shall indicate in terms of
miles or kilometers.
(Amended 1977)

S.1.3. Minimum Indicated Value. - The value of the

interval of indicated distance shall be:

(a) for odometers indicating in kilometers,
0.1 kilometer; or

(b) for odometers indicating in miles, 0.1 mile.
(Amended 1977)

S.1.4. Advancement of Indicating Elements. - The

most sensitive indicating elements of an odometer may

advance continuously or intermittently; all other

elements shall advance intermittently. Except when the

indications are being returned to zero, the indications of
an installed odometer shall be susceptible to

advancement only by the rotation of the vehicle wheel

or wheels. (Amended 1977)

S.1.5. Readability. - Distance fÏgures and their
background shall be of sharply contrasting colors.

Figures indicating tenth units shall be differentiated
from other figures with different colors, or with a
decimal point, or by other equally effective means.

Except during the period of advance of any decade to
the next higher indication, only one figure in each

decade shall be exposed to view. Any protective

covering intended to be transparent shall be in such

condition that it ca¡r be made transparent by ordinary
cleaning of its exposed surface.
(Amended 1977)

5.1.6. Digital Indications and Representation. -

Digital indicating odometers (discontinuous registration)

shall "round off" indications to the nearest minimum
division or truncate indications to the lower minimum
division.
(Added 1990)

N. Notes

N.1. Testing Procedures.

N.1.1. Test Methods. - To determine compliance with
distance tolerances, a distance test of an odometer shall

be conducted utilizing one or more of the following test

methods:

(a) Road Test. - A road test consists of driving the

vehicle over a precisely measured road course.

(b) Fifth-Wheel Test. - A fifth-wheel test consists of
driving the vehicle over any reasonable road
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5.53. Odometers

course and determining the distance acrually
traveled through the use of a mechanism known as

a "fifttr wheel" that is attached to the vehicle and

that independently measures and indicates the

distance.

(c) Simulated-Road Test. - A simulated road test

consists of determining the distance traveled by
use of a roller device, or by computation from
rolling circumference and wheel-turn data.

(Amended 1977)

N.1.2. Test Runs. - Not less than two test runs shall

be conducted. Acceleration and deceleration shall be

carefully controlled to avoid spinning or skidding the

wheels.
(Amended 1977)

N.1.2.1. For Devices Indicating in Miles. - The
test nrns shall be 2 miles in length, shall start from,
and finish at, a dead stop with a minimum of 80

percent of the run between 30 miles per hour and 45

miles per hour.
(Added 1977)

N.1.2.2. For Devices Indicating in Kilometers. -

The test runs shall be 3 kilometers in length, shall
start from, and finish at, a dead stop wittr a minimum
of 80 percent of the run between 50 kilometers per

hour and 75 kilometers per hour. (Added 1977)

N.1.3. Test Conditions.

N.1.3.1. Tire Stabilization. - Road tests or
fifth-wheel tests shall be preceded by a run of at least

8 kilometers or 5 miles, for the purpose of stabilizing
tire pressures. Simulated road tests on a roller
device shall be made at stable tire pressures.
(Amended 1977)

N.1.3.2. Tire Pressure. - At the completion of the

test run or runs, the tires of the vehicle under test

shall be checked to determine that the tire pressure is

that operating tire pressure posted in the vehicle. If
not, the tire pressure should be adjusted to the posted

tire pressure and further tests may be conducted to

determine the operating characteristics of the

odometer.
(Amended 1977)

N.1.3.3. Vehicle Loading.

(a) Passenger Load. - During the distance test of
an odometer, the vehicle may carry two
persons.

(b) Truck Cargo Load. - Truck odometers shall be

tested by one of the following methods:

(1) the truck is loaded with one-half of the

maximum cargo load; or

(2) unloaded if unloaded test tolerances are

applied.
(Amended 1977, 1987)

T. Tolerances

T.1. To Underregistration and to Overregistration.
The tolerances hereinafter prescribed shall be applied to
errors of underregistration and errors of overregistration.

T.2. Tolerance Values. - Except for unloaded trucks,
maintenance and acceptance tolerances on odometers shall

be 4 percent of the interval under test.
(Amended t977, 1987)

T.z.t. Tolerances for Unloaded Trucks.
Maintenance and acceptance tolerances on truck
odometers shall be 5 percent for underregistration and

3 percent for overregistration of the interval under test.

(Added 1987)

UR. User Requirements

IIR.I. Inflation of Vehicle Tires. - The operational tire
pressure of passenger vehicle and truck tires shall be

posted in the vehicle and tires shall be maintained at the

posted pressure.
(Amended 1977)
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5.54. Taximeters

TaximetersSec.5.54.

A. Application

A.l. This code applies to taximeters; that is, to devices that
automatically calculate at a predetermined rate or rates and
indicate the charge for hi¡e of a vehicle.

4.2. This code does not apply to odometers on vehicles
that a¡e rented on a distance basis (for which see Sec. 5.53
Code for Odometers). (Amended 1977)

4.3. See also Sec. l.l0; General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements.

S.1.1. General. - A taximeter shall be equipped with a
primary indicating element and may be equipped with a
recording element.
(Amended 1988)

S.1.2. Advancement of Indicating Elements. - Except
when a taximeter is being cleared, the primary indicating
and recording elements shall be susceptible of
advancement only by the movement of the vehicle or by
the time mechanism.
(Amended 1988) s

S.1.3. Visibility of Indications. - The indications of
fare, including exüas, and the mode of operation, such as

"time" or "hired," shall be constantly displayed whenever
the meter is in operation. All indications of passenger
interest shall be easily read from a distance of 1.2 m
(4 ft) under any condition of normal operation.
(Amended 1986, 1977, and 1988)

S.1.3.1. Minimum HeÍght of Figures, Words, and
Symbols. - The minimum height of ttre figures used to
indicate the fare shall be l0 mm and for exhas, 8 mm.
The minimum height of the figures, words, or syrnbols
used for other indications, including those used to
identify or define, shall be 3.5 mm.
(Added 1986)

5.1.3.2. Lighting of Indícøtions. Integral lighting
shall be provided to illuminate the føre, extras, the

rate or rate code, and the taximeter status (i.e.,

vacant, hired, and time oÍ).
[Nonretroactive as of Januar¡' I, 1989.J
(Added 1988)(Amended 1990)

S.1.4. Actuation of Fare-Indicating Mechanism. -
When a taximeter designed to calculate fares upon the
basis of a combination of distance traveled and time
elapsed is operative with respect to fare indication, the
fare-indicating mechanism shall be actuated by the
distance mechanism whenever the vehicle is in motion at
such a speed that the rate ofdistance revenue equals or
exceeds the time rate, and may be actuated 6y the tinie
mechanism whenever the vehicle speed is less than ttris
and when the vehicle is not in motion. Means shall be
provided for the vehicle operator to render the time
mechanism either operative or inoperative with respectto
the fare-indicating mechauism.
(Amended 1977)

S.1.5. Operating Condition.

5.1.5.1. General. - When a taximeter is cleared, the
indication "Not Registering," "Vacant,t' or an
equivalent expression shall be shown. Whenever a
taximeter is set to register charges, it shall indicate
"Registering," "Hired," or an equivalent expression
and the rate at which it is set shall be automaticallv
indicated (Rate I or Rate A, for example).
(Amended 1988)

5.1.5.2. Time not Recording. - When a taximeter is
set for fare registration with the time mechanism
inoperative, it shall indicate "Time Not Recording" or
an equivalent expression.
(Amended 1988)

S.1.6. Fare ldentification. - Fare indications shall be
identified by the word "Fare" or by an equivalent
expression. Values shall be defined by suitable words or
monetary signs.

S.1.7. Extras. - Extras shall be indicated as a separate
item and shall not be included in the fare indication.
They shall be identified by the word "Extuas" or by an
equivalent expression. Values shall be defined by
suitable words or monetary signs. Means may be
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5.54. Taximeters

provided to totalize the fare and exhas if the totalized

amount returns to separate indications of fare and exfras

within 5 seconds or less.

(Amended 1988)

5.1.7.1. Nonuse of Extras. - If and when taximeter

extas are prohibited by legal authority or are

discontinued by a vehicle operator, the extras

mechanisms shall be rendered inoperable or the extras

indications shall be effectively obscured by permanent

means.

S.1.8. Protection of Indications. - Indications of fare

and extras shall be displayed through and entirely

protected by glass or other suitable Eansparent material

securely attached to the housing of the taximeter.

5.1.9. Design of Recordíng Elements- - A recording

element shall be equipped to record date, time, andfare.

On a taximeter equipped with extras indications, the

recording element shall also record qctras.

[Nonretroactive as of January I, ]989'l
(Added 1988)

S.2. Basis of Fare Calculations. - A taximeter shall

calculate fares only upon the basis of:

(a) distance taveled,

(b) time elapsed, or

(c) a combination of distance traveled and time elapsed.

(Amended 1977)

S.2.1. Initial Time and Distance Intervals. - The time

and distance intervals of a taximeter shall be directly

proportional as expressed in the following formula:

Seconds of Initial Time Interval :

Distance of Initial Mileage Interval

Distance per Non-Initial Mileage Interval

(Added 1990)

S.3. Design of Operating Control.

S.3.1. Positions of Control. The several positions of
the operating controls shallbe clearly defined and shall

be so constructed that accidental or inadvertent changing

of the operating condition of the taximeter is improbable'

Movement of the operating controls to an operating

position immediately following movement to the cleared

position shall be delayed enough to permit the taximeter

to come to a complete rest in the cleared position'

(Amended 1988)

S.3.2. Flag. - If ttre contol for the operating condition is

a lever-arm and flag, the flag shall be at its highest

position when the taximeter is cleared, and in this

position the whole of the flag shall be above the level of
the taximeter housing.

S.3.3. Control for Extras MechanÍsm. - The knob,

handle, or other means provided to actuate the extras

mechanism shallbe inoperable whenever the taximeter is

cleared.

S.4. Interference. - The design of a taximeter shall be such

that there will be no interference between the time and the

distance portions of the mechanism device at auy speed of
operation.
(Amended 1977 and 1988)

S.5. Provision for Security Seals. - Adequate provision

shall be made for affixing security seals to a taximeter and

to other parts required for service operation of a complete

installation on a vehicle, so that no adjushnents, alterations,

or replacements affecting accuracy or indications of the

device or the assembly can be made without mutilating the

seal or seals. The sealing means shall be such that it is not

necessary to disassemble or remove any part of the device

or ofthe vehicle to apply or inspect the seals.

(Amended 1988)

5.6. Power Interruption, Electtoníc Taxímeters'

(a) After a power interruption of 3 seconds or less, the

fare and extras indications shøII return to the

previously displayed indications and may be

susceptible to advancement without the taximeter

being cleared.

(b) After a power interruption exceeding 3 seconds, the

fare and extras indications shall return to the

previously displayed indications and shall not be

susceptible to advancement until the taximeter is

cleared.

[Efective and nonretroactive as of January ]' 1994'

Retroactive afterJanuary I, 1999.J

(Added 1988)(Amended 1989 and 1990)
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N. Notes

N.l. Distance Tests.

N.1.1. Test Methods. - To determine compliance with
distance tolerances, a distance test of a taximeter shall be

conducted utilizing one or more of the following test

methods:

(a) Road Test. - A road test consists of driving the

vehicle over a precisely measured road course.

(b) Fifth-Wheel Test. - A fifth-wheel test consists of
driving the vehicle over any reasonable road course

and determining the distance actually taveled
through the use of a mechanism known as a "fifth
wheel" that is attached to the vehicle and that
independently measures and indicates the distance.

(c) Simulated-Road Test. - A simulated road test

consists of determining the distance haveled by use

of a roller device, or by computation from rolling
circumference and wheel-turn data.

(Amended 1977)

N.1.2. Test Procedures. - The distance test of a

taximeter, whether a road test a simulated-road test, or a
frffh-wheel test, shall include at least duplicate runs of
sufñcient length to cover at least the third money drop or
I mile, whichever is greater, and shall be at a speed

approximating the average speed traveled by the vehicle
in normal service. In the case of metric-calibrated
laximeters, the test should cover at least the third money
drop or 2 krn, whichever is greater.

(Amended 1977)

N.l.3. Test Conditions.

N.1.3.1. Vehicle Lading. - During the distance test of
a taximeter, the vehicle shall carry two persons, or in
the case of a simulated-road test, 70 kg or 150 lb of
test weights may be substituted in lieu of the second

person.

N.1.3.2. Tire Pressure. - At the completion of test

run or mns, the tires of the vehicle under test shall be

checked to determine that the tire pressure is that
operating tire pressure posted in the vehicle. If not,
the tire pressure should be adjusted to the posted tire
pr€ssure and fufher tests may be conducted to deter-
mine the operating characteristics of the odometer.
(Amended 1977)

5.54. Taximeters

N.2. Îime Test. - If a taximetei is equiþþed with a timing

device through which charges are made for time intervals,

the timer shall be tested at the initial interval, four separate

subsequent intervals, and an average time test of at least

four consecutive subsequent time intervals.
(Amended 1988)

N.3. Interference Test. - If a taximeter is equipped witir a

timing device through which charges are made for time

intervals, a test shall be conducted to determine whether

there is interference between the time and distance

elements. During the interference test, the vehicle's

operating speed shall be 3 krn/h or 4 kmÆt, or 2 miÆt or

3 mi./h faster than the speed at which the basic distance rate

equals the basic time rate. The basic rate per hour divided

by the basic rate per mile is the speed (km/h or mi/h) at

which the basic time rate and basic distance rate are equal.

(Amended 1988)

T. Tolerances

T.1. Tolerance Values.

T.1.1. On Distance Tests. - Maintenance and

acceptance tolerances for taximeters shall be as follows:

(a) On Overregistation: I percent of the interval
under test.

(b) On Underregistation: 4 percent of the interval
under test, with an added tolerance of 30 m or

100 ft whenever the initial interval is included in
the interval under test.

T.1.2. On Time Tests.

T.1.2.1. On Individual Time Intervals.
Maintenance and acceptance tolerances on individual
time intervals shall be as follows:

(a) On Overregistration: 3 seconds per minute

(5 percent).

(b) On Underregistration: 9 seconds per mhute
(15 percent) on the initial interval, and 6 seconds

per minute (10 percent) on subsequent intervals.

T.I.2.2. On Average Time Interval Computed After
the Initial Interval. - Except for the initial intewal,
maintenance and acceptance tolerances on the average

tirne interval shall be as follows:
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5.54. Taximeters

(a) On Ovenegistation: 0.2 seöond þer minùte
(0.33 percent).

(b) On Underregistration: 3 seconds per minute
(5 percent).

(Amended 1991)

T.1.3. On Interference Tests.

T.1.3.1. The regisüation of a taximeter in the "time
on" position shall agree within one percent of its
performance in the "time off'position.
(Added 1988)

UR. User Requirements

IJR.I. Inflation of Vehicle Tires. - The operational tire
pressure of passenger vehicles and huck ti¡es shall be
posted in the vehicle and shall be maintained at the posted
pressure.
(Amended 1977)

UR.2. Position and lllumination of Taximeter. - A
taximeter shall be so positioned and illuminated that its
indications, operational markings, and controls of passenger
interest can be conveniently read by a passenger seated in
the back seat ofthe vehicle.
(Amended 1985 and 1986)

UR.3. Statement of Rates. - The distance and time rates
for which a taximeter is set, including the initial distance
interval and the initial time interval, and the schedule of
extras when an extas indication is provided, shall be
conspicuously displayed inside the front and rear passenger
compartments. The words "Rate,t' "Rates," or t'Rates of
Fare" shall precede the rate statement. The rate statement
shall be fully informative, self-explanatory, and readily
understandable by the ordinary passenger, and shall either
be of a permanent character or be protected by glass or
other suitable tansparent material.
(Amended 1977, 1988, and 1990)
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5.55. Timing Devices

A. Application

A.l. - This code applies to devices used to measure time
during which services are being dispensed (such as vehicle
parking, laundry drying, and car washing).

4.2. - See also Sec. 1.10; General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements.

S.1.1.1. General. - A timing device shall be equipped

with a primary indicating element, and may also be

equipped with a primary recording element. A readily
observable in-service light or other equally effective
means that automatically indicates when laundry
driers, vacuum cleaners, and car washes are in
operation shall be deemed an appropriate primary
indicating element.
(Amended 1979)

5.1.1.2. Units. - A timing device shall indicate and

record, if the device is equipped to record, the time in
terms of minutes for time intervals of 60 minutes or
less and in hours and minutes for time intervals
greater than 60 minutes.

5.1.1.3. Value of Smallest Unit. - The value of the

smallest unit of indicated time and recorded time, if
the deVice is equipped to record, shall not exceed the

equivalent of:

(a) one-half hour on parking meters indicating time
in excess of2 hours;

(b) six minutes on parking meters indicating time in
excess of I but not greater than 2 hours; or

(c) five minutes on all other devices, except those

equipped with an in-service light.
(Amended 1975)

Sec. 5.55. Timing Devices

S.1.1.4. Advancement of Indicating and Recording
Elements. - Primary indicating and recording
elements shall be susceptible to advancement only
during the mechanical operation of the device, except

that clocks may be equipped to manually reset the

time.

S.1.1.5. Operation of In-Service Indicator Light. -
The in-service light indicator shall be operative only
during the time the device is in operation.

S.1.1.6. Discontinuous Indicating Parking Meters.
- An indication of the time purchased shall be

provided at the time the meter is activated in units of
no more than I minute for times less than I hour and

not more than 2 minutes for times of I hour or more.

Convenient means shall be provided to indicate to the

purchaser the unexpired time.
(Added 1975 and amended 1976)

S.1.2. Graduations.

5.1.2.1. Length. - Graduations shallbe so varied in
length that they may be conveniently read.

5.1.2.2. \ryidth. - In any series of graduations, the

width of a graduation shall in no case be greater than

the width of the minimum clear interval between

graduations and the width of main graduations shall

be not more than 50 percent greater than the width of
subordinate graduations. Graduations shall in no case

be less than 0.2 mm (0.008 in) in width.

S.1.2.3. Clear Interval Between Graduations. - The

clear interval shall be not less than 0.75 mm
(0.03 in). If the graduations are not parallel, the mea-

surement shall be made:

(a) along the line of relative movement between the

graduations at the end ofthe indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.
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5.55. Timing Devices

S.1.3. Indicators.

5.1.3.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at

least throughout that portion of its length associated

with the graduations.

5.1.3.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,

unless the indicator and the graduations are in the

same plane, in which case the distance between the

end ofthe indicator and the ends ofthe graduations,
measured along the line of the graduations, shall be

not more than 1.0 mm (0.04 in).

5.1.3.3. Width. - The width of the index of an

indicator in relation to the series of graduations with
which it is used shall be not greater than

(a) the width of the widest graduation, and

(b) the width of the minimum clear interval between
the graduations.

5.1.3.4. Parallax. - Parallax effect shall be reduced to
a practicable minimum.

S.1.4. Printed Tickets. - A printed ticket issued or
stamped by a timing device shall have printed clearly
thereon:

(a) the time and day when the service ends and the

time and day when the service begins, except that a

- self-service money'operated device that clearly

displays the time of day need not record the time

and day when the service begins; or

(b) the time i¡terval purchased, and the time and day

that the service either begins or ends.

(Amended 1983)

S.2. Marking Requirements, Operating Instructions. -

Operating instructions shall be clearly stated on the device.

N. Notes

N.1. Test Method. - A timing device shall be tested with a

timepiece with an error of not greater than plus or minus l5
seconds per 24-hour period. In the test of timing devices

with a nominal capacity of I hour or less, stopwatches with
a minimum division of not greater than one-fifth seeond

shall be used. [n the test of timing devices with a nominal

capacíty of more than I hour, the value of the minimum
division on the timepiece shall be not greater than 1 second.

Time pieces and stopwatches shall be calibrated with
standard time signals as described in National Institute of
Standards and Technology Special Publication 432' NIST
Time and Frequency Dissemination Services, or any

superseding publication.
(Amended 1978)

N.2. Broadcast Times and Frequencies. - Time and

frequency standards are broadcast by the stations listed in
Table N.2.

Table N.2.* Broadcast Times and Frequencies

Station Location,
Latitude,
Longitude

Frequency
(MHz)

Times of
Transmission

(urc)

wwv Fort Collins,
Colorado
40"41'N
105'02'W

2.5
5.0

10.0
l5.0

Continuous

WWVH Kauai, Hawaii
2l'59'N
159'46'W

2.5

5.0
15.0

Continuous

CHU Ottawa, Canada
45'18' N
75"45',W

3.330
7.335

14.670

Continuous

*From NIST Special Publication 559, "Time and Frequency Users'Manual," 1979.

(Added 1988)
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T. Tòlerances

T.l. Tolerance Values. - Maintenance and acceptance
tolerances for timing devices shall be as follows:

T.1.1. For Timing Devices Other Than Those
Specilied in T.1.2. and T.1.3. - The maintenance and
acceptance tolerances shall be:

(a) On Overregistration: 5 seconds for any time
interval of 1 minute or more; and

(b) On Underregistration: 6 seconds per indicated
minute.

(Amended 1975 and 1986)

T.1.2. For Time Clocks and Time Recorders. - The
maintenance and acceptance tolerances on
overregisûation and under registation shall be 3 seconds
per hour, but not to exceed 1 minute per day.
(Amended 1975)

T.1.3. On Parking Meters. - The maintenance and
acceptance tolerances are shown in Table T.1.3.

T.2. Tests Involving Digital Indications or
Representations. - To the tolerances that would otherwise
be applied, there shall be added an amount equal to one-half
the minimum value that can be indicated or recorded.

5.55. Timing Devices

UR. User Requirements

LiR.l. Statement of Rates. - The price in terms of money
per unit or units of time for the service dispensed and the
number of coins the device will accept and be activated by
at one time, shall be clearly, prorninently, and
conspicuously displayed.
(Amended 1976)

UR.2. Time Representations. - Any time representation

shall be within plus or minus 2 minutes of the correct time
in effect in the area, except on an individual clock used only
for "time out"; in addition, the time indication of the

"time-out" clock shall be the same as or less than that of the

"time-in" clock.
(Amended 1975)

Table T.1.3.
Maintenance and A.cceptance Tolerances

for Parking Meters

Maintenance and Acceptance Tolerances

Nominal time capacity On overregistation On underregistration

30 minutes or less

Over 30 minutes to and
including I hour

Over I hour

No tolerance

No tolerance

No tolerance

l0 seconds per minute, but not less

than 2 minutes

5 minutes plus 4 seconds per
minute over 30 minutes
7 minutes plus 2 minutes per hour
over t hour
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5.56.(a) Grain Moishrre Meters

Sec. 5.56.(a) Grain Moisture Meters

Section 5.56. has been reorganized into two sections. This Section, 5.56.(a), is applicable to all NTEP grain moisture
meters. It is also applicable to any grain moisture meter manufactured or placed into service after January 1, 1998.
(Code reorganized and renumbered 1996.)

A. Application

A.l. This code applies to grain moisture meters; that is,
devices used to indicate directly the moisture content of
cereal grain and oil seeds. The code consists of general
requirements applicable to all moisture meters and specific
requirements applicable only to certain types of moisture
meters.

A.2. This code does not apply to devices used for
in-motion measurement of grain moisfu¡e content or seed
moisture content.

4.3. Type Evaluation - The National Type Evaluation
Program will accept for type evaluation only those devices
that comply with this code. State enforcement will be based
upon the effective dates identified with each requirement
when specific dates are shown.
(Added 1993)

4.4. See also Sec. 1.10; General Code requirements.

S. SpecÍfications

S.1. Design of Indicating, Recording, and Measuring
Elements.

S.1.1. Digital Indications and Recording Elements.

(a) Meters shall be equipped with a digital indicating
element.

(b) The minimum height for the digits used to display
moisture content shall be l0 mm.

(c) Meters shall be equipped with a communication
interface that permits interfacing with a recording
element and tansmitfing the date, grain type, graia
moisture results, and calibration version
identification.

(d) A digital indicating element shall not display, and
a recording element shall not record, any moisture
content values before the end of the measurement
cycle.

(e) Moisture content results shall be displayed and

recorded as percent moisture content, wet basis.

Subdivisions of this unit shall be in terms of
decimal subdivisions (not fractions).

(Ð A rneter shall not display or record any moisture
content values when the moisture content of the
grain sample is beyond the operating range of the

device, unless the moisture representation includes
a clear error indication (and recorded error message

with the recorded representation).

(g) On multi-constituent meters (e.g., meters which
also measure grain protein), provision shall be
made for displaying and recording the constituent
label (such as moisture, protein, etc.) to make it
clear which constituent is associated with each of
the displayed and recorded values.
(Added 1995)

(Added 1993)(Amended 1994 and 1995)

S.1.2. Grain or Seed Kind and Class Selection and
Recording. - Provision shall be made for selecting and
recording the kind and class (as appropriate) of grain or
seed to be measured. The means to select the kind and

class of grain or seed shall be readily visible and the kind
and class of grain or seed selected shall be clearly and

definitely identified. Abbreviations for grain types
indicated on the meter must meet the minimum
acceptable abbreviations listed in Table S.1.2. Meters
shall have the capabilíty (i.e., display capacity) of
indicating the grain type using a minimum of four
characters in order to accommodate the four-character
abbreviations listed in Table S.l .2.

(Amended 1993 and 1995)

S.1.3. Operating Range. - A meter shall automatically
and clearly indicate when the operating range of the
meter has been exceeded. The operating range shall
specify the following:

(a) Temperature Range of the Meter. The temperahrre
range over which the meter may be used and still comply
with the applicable requirements shall be specified. The
minimum temperature range shall be 10 'C to 30 'C.
No moisture value may be displayed when the
temperature range is exceeded. An appropriate error
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5.56.(a) Grain Moisture Meters

message shall be displayed when the temperature of the

meter is outside its specified operating range.

(b) Temperature Range of each Grain or Seed. The

temperature range for each grain or seed for which
the meter is to be used shall be specified. The

minimum temperature range for each grain shall be

0 "C to 40 "C. No moisture value may be

displayed when the temperature range is exceeded.

An appropriate error message shall be displayed
when the temperature of the grain sample exceeds

the specified temperature range for the grain.

(c) Moisture Range of the Grain or Seed

The moisture rÍmge for each grain or seed for
which the meter is to be used shall be specified. A
moisture value may be displayed when the moisture
range is exceeded if accompanied by a clear

indication that the moishrre range has been

exceeded.

(d) Maximum Allowable Meter/Grain Temperature
Difference
The maximum allowable difference in temperahre

between the meter and the sample for which an

accurate moisture determination can be made shall

be specified. The minimum temperature difference

shall be 10 'C. No moisture value may be

displayed when the maximum allowable

temperahre difference is exceeded. An appropriate

elïor message shall be displayed when the

difference in temperature between the meter and

the sample exceeds the specified difference.
(Added 1993)(Amended 1995)

S.1.4. Value of Smallest Unit. - The display shall

permit constituent value determination to both 0.0l
percent and 0.1 percent resolution. The 0.1 percent

resolution is for commercial transactions; the 0-01

percent resolution is for type evaluation and calibration
purposes only, not for commercial purposes.

S.1.5. Operating Temperature.-

(a) Warm up period: When a meter is turned on it
shall not display or record any usable values until
the operating temperature necessary for accurate

determination has been attained or the meter shall

bear a conspicuous statement adjacent to the

indication stating that the meter shall be tumed on

for a time period specified by the manufacturer

prior to use.

(b) A meter shall meet the requirements of T.2. -
Tolerance Values when operated in the temperature

range of l0 "c to 30 'c (50 'F to 86 "F) or within
the range specified by the meter manufacturer.

Table s.1.2. Grain Types Consíderedfor Type Evaluation ønd calibraÍion

Two-rowed Barley
Six-rowed Barley
Oats

DURW
sww
HRSW
HRWW
SRWW

HDWW

Durum Wheat

Sofr White Wheat

Hard Red Spring Wheat

Hard Red Winter Wheat

Sofr Red Winter'Wheat
Hard White Wheat

(Table Added 1993)(Amended 1998)
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(c) If the manufacturer specifies a temperature rangç,
the range shall be at least 20 'C (36 "F).

(Added 1993)(Amended 1995 and 1996)

S.2. Design of Grain Moisture Meters

S.2.1. Minimum Sample Size. - Meters shall be
designed to measure the moisture content of
representative-size grain samples. The minimum
allowable sample size used in analysis shall be 100 g or
400 kernels or seeds, whichever is smaller.
(Added 1993)(Amended 1995)

S.2.2. Electric Power Supply.

5.2.2.1. Power Supply, Voltage and Frequency.

(a) A meter that operates using alternating current
must perform within the tolerances defrned in
Section T.2. - Tolerance Values over the line
voltage range 100 V to 130 V, or 200 V to
250 V rms as designed, and over the frequency
range of 59.5 Hzto 60.5 Hz.

(b) Battery-operated insfuments shall not indicate
or record values outside the applicable tolerance
limits when battery power ouþut is excessive or
deficient.

5.2.2.2. Power Interruption. - A power intemrption
shall not cause an indicating or recording element to
display or record any values outside the applicable
tolerance limits.
(Added 1988)

S.2.3 Level Indicating Means. A meter shall be
equipped with a level indicator and leveling adjusünents
if its performance is changed by an amount greater than
the applicable tolerance when the meter is moved from a

level position to a position that is out of level in any
upright di¡ection by up to 5 percent (approximately 3

degrees). The level-indicating means shall be readable
without removing any meter parts requiring a tool.
(Added 1988) (Amended 1994)

S.2.4. Calibration Integrity

5.2.4.1. Calibration Version. - A meter must be
capable of displaying either calibration constants, a

unique calibration name, or a unique calibration
version number for uSe in verifying that the latest
version of the calibration is being used to make
moisture content determinations.
(Added 1993)(Amended 1995)

5.56.(a) Grain Moisture Meters

5,2.4.2. Calibration Corrup-tion. - If calibratio¡
constants are digitally stored in an electronically
alterable form, the meter shall be designed to make
automatic checks to detect comrption of calibration
constants. An error message must be displayed if
calibration constants have been electronically altered.
(Added 1993)(Amended 1995)

5.2.4.3. CalibratÍon Transfer. - The instrument
hardware/software design and calibration procedures
shall permit cølibration development and the transfer
of calibrations between instruments of like models
without requiring user slope or bias adjustments.

[Note: Only the manufacturer or the mønttfacturer's
designated ser-vice agency may make standardization
adjustments on moisture meters This does not
preclude the possibility of the operator installing
manufacturer-specified calibration constants under
the instructions of the manufacturer or its designated
service agency.J Standardization adjustments (not to
be codused with grain calibrations) are those
physical adjustments or software parameters which
make meters of like type respond identically to the
grain(s) being measured.

[Nonretroactive and effective as of January I, /,999.]
(Added 1994) (Amended 1998)

S.2.5. Provision for Sealing. - Provision shall be made

for applying a security seal in a manner that requires the
security seal to be broken, or for using other approved
means of providing security (e.g., audit hail available at
the time of inspection as defined in Table S.2.5.*) before
any change that affects the metrological integrity of the
device can be made to any mechanism.

[*Note: Table S.2.5. is l.lonretoactive as of Jan, l,
1999.1

[Note: Zero-setting and test point adjushnents are

considered to affect metological characteristics and must
be sealed.l
(Added 1993)(Amended 1995 and 1997)

5.2.6. Determination of Quantity and Temperature. -
The moisfure meter system shall not require the operator
to judge the precise volume or weight and temperahrre
needed to make an accurate moisture determination.
External grinding, weighing, and temperature
measurement operations are not permitted.
(Added 1994)(Amended 1995)
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S.3. Accessqry Equipment - When the operating

instructions for a moisture meter require accessory

equipment separate from and external to the moisture meter,

such equipment shall be appropriate and complete for the

measurement.

S.4. Operating Instructions and Use Limitations. - The

manufacturer shall furnish operating instructions for the

device and accessories that include complete information

concerning the accuracy, sensitivity, and use of accessory

equipment necessary in obtaining a moisture content

Operating instuctions shall include the following
information:

(a) name and address or trademark of the manufacturer;

(b) the rype or design of the devíce with which it is

intended to be used;

(c) date of issue;

(d) the kind or classes of grain or seed for which the

device is designed to measure moisture content;

(e) the limitations of use, including but not confined to

the moisture measurement range, grain or seed

temperature, maximum allowable temperature

difference between grain sample and meter, kind or
class of grain or seed, moisture meter temperature,

voltage and frequency ranges, electromagnetic
interferences, and necessary accessory equipment.

(Added 1984)

N. Notes

N.l. Testing Procedures.

N.1.1. Transfer Standards.r - Official grain samples

shall be used as the official transfer standards with
moisture content values assigned by the reference

methods. The reference methods shall be the oven

drying methods as specified by the USDA GIPSA.
Tolerances shall be applied to the average of at least

three measurements on each official grain sample.

Official grain samples shall be clean and naturally

moist, but not tempered (i.e., water not added).
(Amended 1992)

N.f.2. Minimum Test.r- A minimum test of a grain

moisture meter shall consist of tests:

(a) with samples (need not exceed three) of each grain

or seed for which the device is used, and

(b) with s4¡¡rpleq having qt lgast two different moisture

content values within the operating range of the

device.
(Amended 1986, 1989)

T. Tolerances2

T.1. To Underregistration and to Overregistration. -

The tolerances hereinafter prescribed shall be applied to

errors ofunder registration and errors of overregistration.

T.2. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table T.2. Tolerances are

expressed as a fraction of the percent moisture content of
the officiat grain sample, together with a minimum

tolerance.

T.3. For Test Weight Per Bushel Indications or
Recorded Representations. - The maintenance and

acceptance tolerances on test weight per bushel indications

or recorded representations shall be 0.193 kg/hl or

0.15 lb/bu. The test methods used shall be those specified

by the USDA GIPSA.
(Amended 1992)

UR. User Requirements

I The U.S. Department of Agriculture, Grain Inspection,

Packers and Stockyards Administration (GIPSA) uses a

single brand and model of moisture meter for official
inspection of moisture content in grains and other

commodities. The calibrations for the model are based on

the official air-oven method and are developed and

monitored on an established schedule using a broad range

(with respect to geographical source, kind, class, moisture

content, maturity, etc.) of grain samples at its central

laboratory. GIPSA uses a hierarchical series of meter-to-

meter intercomparisons to determine whether its f,teld

meters are operating within acceptable tolerances (+0.2%
with respect to standard meters). It has been shown that

field meters checked by GIPSA procedures perform within

H-44 maintenance tolerances (T.2.) when tested (N.1.)

using official grain samples. Agencies lacking a sample

capability representing the entire nation and traceable to

the official laboratory reference method shall not use

meter-to-meter field testing.

2 These tolerances do not apply to tests in which grain

moisture meters are the transfer standards.
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Table T.2. Acceptance and Maintenance
Tolerances for Grain Moisture Meters

Type of Grain
or Seed

Tolerance Minimum
Tolerance

Corn, oats,
rice, sorghum,

sunflower

0.05 of the percent
moisture content

0.8 percent
in moisture

content

All other cereal
grains and oil

seeds

0.0¿t of the percent
moisture content

0.7 percent
in moisture

content

UR.1. Selection Requirements.

UR.1.1. Value of the Smatlest Unit on primary
Indicating and Recording Elements. - The resolution
of the moisture meter display shall be 0.1 percent
moisture during commercial use.

LiR.1.2. See G-UR.1.2.

UR.2. Installation Requirements. - The grain moisture
meter shall be installed in an environment within the range
of temperature and/or other environmental factors
specified in the operating instructions.

IJR.3. Use Requirements.

IJR.3.1. Operating Instructions. - The operaring
instructions for the use of the grain moisture meter shall
be readily available to the user, service technician, and
weights and measures off,rcial at the place of
installation. It shall include a list of accessory
equipment and the kinds of grain or seed to be measured
with the moisture meter.
(Amended 1988)

IJR.3.2. Other Devices not used for Commercial
Measurement. - If there are ofher moisfure meters on
the premises not used for trade or determining other
charges for services, these devices shall be clearly and
conspicuously marked "Not for Use in Trade or
Commerce,"

UR.3.3. Maintaining Integrity of Grain Samples. -
Whenever there is a time lapse (temperature change)
between taking the sample and testing the sample,
means to prevent condensation of moisture or loss of
moisture from grain samples shall be used. For
example, a cold grain sample may be kept in a closed

5.56.(a) Grain Moisture Meters

container in order to permit the cold grain to come to
the operating temperahtre range of the meter before the
grain moisture measurements are made.

IJR.3.4. Printed Tickets.

(a) Printed tickets shall be free from any previous
indication of moisture content or type of grain or
seed selected.

(b) The customer shall be given a printed ticker
showing the date, grain type, grain moisture
results, a¡rd calibration version identification. The
ticket shall be generated by the grain moisture
meter system.
(Amended 1993 and 1995)

uR.3.5. Accessory Devices. - Accessory devices, if
necessary in the determination of a moisture content
value, shall be in close proximity to the moisture meter
and allow immediate use.

I1R.3.6. Sampling. - A grain sample shall be obtained
by following appropriate sampling methods and
equipment. These include, but are not limited to grain
probes of.appropriate length used at random locations in
the bulk, the use of a pelican sampler, or other
techniques and equipment giving equivalent results.
The grain sample shall be taken such that it is
representative of the lot.

IJR.3.7. Location. - See G-UR.3.3.

UR.3.8. Level Condition. - If equipped with a level
indicator, a meter shall be maintained in a level
condition.
(Added 1988)

tIR.3.9. Current Calibration Data. - Grain moisture
determinations shall be made using only the most
recently published calibration data.
(Added 1988)

UR.3.10. Posting of Meter Operating Range. - The
operating range of the grain moisture meter shall be
clearly and conspicuously posted in the place of business
such that the information is readily visible from a
reasonable customer position. The posted information
shall include the following:

(a) The temperature range over which the meter may
be used and still comply with the applicable
requirements. If the temperature range varies for
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different grains or seed, the range

specified for each.

(b) The moisture range for each grain or
which the meter is to be used.

(c) The temperature range for each grain or seed for
which the meter is to be used.

(d) The maximum allowable difference in temperature

that may exist between the meter and the sample

for which an accurate moisture determination can

be made. (Added 1988)

shall be

seed for

Table 5.2.5. Calegories of Device ønd Methods of Sealing

Method of Sealing

Seat by physical seal or two event counters: onefor calibration
parameters (000 to 999) and onefor configuration parameters (000

to 999). If equippedwith event counters, the device tnust be capable

of dßplaying, or printing through the dwice or through another 8n'-

site device, the contents ofthe counters'

Category I: No remote configuration
capability.

The hardware enabling access for remote communication must be at

the device and seøled using a plrysical seal or two event counters;

onefor calibrationparameters (000 to 999) and onefor
configuration parqmeters (000 to 999.) If equippedwíth event

counters, the device must be cøpable ofdßplaying, or printing
through the device or through another on-site device' the contents of
the counters.

Category 2: Remote configuration
capability, but access is controlled by
physical hardware.

A devÌce shall clearly indicate that it is in the

remote configuration mode and shall not be

capable of operating in the measure mode

while enøbled for remote configuration.

An event logger is required in the device; it must include an event

counter (000 to 999), the parameter ID, the dale and time of the

change , and the new value ofthe parameter (for calibration changes

consisting of multiple constants, the calibrøtion version number may

be used rather than the calibration constants) . A printed copy of the

inþrmation must be available through the device or through another

on-site device. The event logger shall have a capacity to retain

records equal to twenty-five (25) times the number of sealable

parameters in the device, but not more than 1000 records are

required. (Note: Does not require 1000 changes to be storedfor

Category 3: Remote configuration capability
access mcry be unlimited or controlled
through a software switch (e.g., password).

When accessed remotely for the purpose of
modifuing sealable parameters, the device

shall clearly indicate that it is in the

configuration mode qnd shall not be capable

of operating in the measuring mode.

Category 3a: No remote capabílity, but
operator is able to make changes that afect
the metrological ìntegrity of the device (e.g.,

slope, bias, etc.) in normal operation.

Category 3b: No remote capability, but
acèess to metrological parameters is

controlled through a software switch (e.g.,

[Table Nonretroactive as of January I, 1999.] (Amended 1998)
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Sec. 5.56.(b) Grain Moisture Meters

Section 5.56. has been reorganized into two Sections. This Section, 5.56.(b) is applÍcable to all non-NTEP
moisture meters manufactured or placed into service before January 1, 1998.
(Code reorganized and renumbered 1996.)

grarn

A. Application

A.l. - This code applies to grain moisture meters; that is,
devices used to indicate directly or tbrough conversion
and/or conection tables the moisûue content of cereal grain
and oil seeds. The code consists of general requirements
applicable to all moish¡re meters and specif,rc requirements
applicable only to certain types of moisture meters.

A.2. - This code does not apply to devices used for
in-motion measurement of grain moisture content or seed
moisture content.

4.3. - See also Sec. l. l0; General Code requirements.

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Primary Elements, General. - A meter shall be
equþed with a primary indicating element and may also
be equipped with a primary recording element. If the
meter indicates directly and/or is equipped to record, the
meter shall indicate and/or record its measurements in
terms of percent moisture content, wet basis.
Subdivisions of this unit shall be in terms of decimal sub-
divisions (not fractions). If the meter indicates in the
conventional scale and requires conversion or correction
tables, the resulting values after use ofsuch tables shall
be in terms of percent moisture content, wet basis.
Subdivisions of this unit shall be in terms of decimal
subdivisions (not fractions).

S.1.2. Digital Indications.

5.1.2.1. Measurement Completion. - A digital
indicating element shall not display any values (either
moisture content or conventional scale) before the end
of the measurement cvcle.

S.1.3. Graduations.

5.1.3.1. Length. - Graduations shall be so varied in
length that they may be convenientþ read.

5.1.3.2. Width. - In any series of graduations, the
width of a graduation shall in no case be greater than
the width of the minimum clear interval between
graduations, and the width of the main graduations
shall be not more than 50 percent greater than the
width of subordinate graduations. Graduations shall in
no case be less than 0.2 mm (0.008 in) in width.

S.1.3.3. Clear Interval Between Graduations. - The
clear interval shall be not less than 0.75 mm (0.03 in)
befween graduations. If the graduations are not
parallel, the measurement shall be made:

(a) along the line of relative movement between the
graduations at the end of the indicator, or

(b) if the indicator is continuous, at the point of
widest separation of the graduations.

S.1.4. Indicators.

S.1.4.1. Symmetry. - The index of an indicator shall
be symmetrical with respect to the graduations, at
least tbroughout that portion of its length associated
with the graduations.

5.1.4.2. Length. - The index of an indicator shall
reach to the finest graduations with which it is used,
unless the indicator and the graduations are in the
same plane, in which case the distance between the
end of the indicator and the ends of the graduations,

measured along the line of the graduations, shall be
not more than 1.0 mm (0.0a in).

5.1.4.3. Width. - The width of the index of an in-
dicator in relation to the series of graduations with
which it is used shall be not greater than:

(a) the width of the widest graduation, nor

(b) the widttr of the minimum clear interval between
graduations.

When the index of an indicator extends along the
entire length of a graduatior¡ that portion of the index
of the indicator that may be brought into coincidence
with the graduation shall be of the same width as the
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graduation throughout the length of the index that coincides
with the graduation.

5.1.4.4. Clearance. - The clearance between the

index of an indicator and the graduations shall in no

case be more than 1.5 mm (0.06 in).

5.1.4.5. Parallax. - Parallax effects shall be reduced

to the practicable minimum.

S.1.5. Recording Elements.

5.1.5.1. General. - If a meter is equipped with a

recording element, it shall record in terms of percent
moisture content, wet basis only, and not in terms of
conventional scale.

5.1.5.2. Measurement Completion. - A recording
element shall not record any values before the end of
the measurement cycle.

5.1.5.3. Range of Moisture Content. - A recording
element shall not record any values when the moisture
content of the grain sample is beyond the operating
range ofthe device.

5.1.6. Design of Direct Reading Grain Moisture Me-
ters.

5.1.6.1. Grain or Seed Kind and Class Selection
and Recording. - Provision shall be made for
selecting and recording, if equipped to record, the

kind and class (as appropriate) ofgrain or seed to be

measured. The means to select the kind and class of
grain or seed shall be readily visible and the kind and

class of grain or seed selected shall be clearly and

defuritely identified in letters (such as Wheat or WHT,
HRV/W, etc.).

5.1.6.2. Operøtíng Ranga - A meter shall
øutomatically and clearly indicqtewhen the operating
range of the meter has been uceeded or the manufac-
turer shall:

(a) clearly and conspicuously mark the operøting
ranges on the meter; or

(b) furnish the operating ranges of the meter and the

means to clearly and conspicuously dßplay this
information on or immediately adjacent to the

device.

The operating range shall spectfy thefollowing:

(a) the temperature ronge over which the meter may

be used and still comply with the applicable

requirements;

(b) the moisture range for each grain or seed for
which the meter is to be used;

(c) the temperature rangefor each grain or seedfor
which the meter is to be used; and

(d) the maximum allowable dffirence in
temperature between the meter and the sample

for which an accurate moisture determination

can be made.

Examples of clearþ indicatíng these conditíons

include an error indication, flashing the displayed

moisture vqlue, or blanking the display

[Nonretroactive as of January I, ]989.1
(Amended 1986 and 1988)

S.1.6.3. Value of Smallest Unit.

(a) The value of the minimum indicated or recorded

moisture indication shall not be greater than

0.1 percent.

5.1.7. Electric Power Supply.

5.1.7.1. Power Supply, Voltage and Frequency.

(a) A meter that operates using alternating current

must perform within the tolerances elefined in
Section T.2. - Tolerance Values over the line

voltagerange 100 Vto 130 V, or 200 Vto 250 V

rms as designed, and over thefrequency range

of 59.5 Hz to 60.5 Hz.

(b) Bøttery-operated instruments shall not indicate

or record vøIues outside the applicable

tolerance limits when battery power output is
excessive or deficient.

[Nonretroactive as of Januøry l, 1989.J

5.1.7.2. Power Interruplion. - A power interruption

shall not cause an indicating or recording element to

dßplay or record any values outsíde the applicable

tolerance límits.

[Nonretroactive as ofJanuary I, 1989.]

(Added 1988)

5.1.8. Level Indicøtíng Means. A meter shall be

equipped with a level índicator and levelíng adjustments
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íf tts performance is changed by an amount greater than the
applicable tol¿tance whetlthe mèter is movedfrom a level
position to a posttion that is out of level in any upright
direction by up to 5 percent (øpproximately 3 degrees).

The level-indicating means shall be readable without
removing any meter parts requiring a tool.
[Nonretroactive as of January I, 1989.]
(Added 1988) (Amended 1994)

S. 1.9. Operating Temperature.

(a) A meter shall not display or record any usable
values until the operating temperature necessary
for accurate determination has been attained, or
the meter shall bear a conspicuous statement
adjøcent to the indication støting that the meter
shall be turned onfor ø tíme period specified by the
manufacturer prior to use.

(b) A meter shall meet the requirements ol 7.2. -
Tolerance Values when operated in the temperature
rangeof 2 "Cto40 "C(35'Fto 104'F)orwithin
the range specified by the meter manufacturer.

@ If the manufacturer specifies a temperature range,
the range shall be at least I0 "C (20 'F) and shall
be marked on the device.

[Nonretroactive as ofJanuary I, 1989.J
(Added 1988)

S.2. Design of Measuring Elements.

S.2.1. Design of Zero-Setting and Test Point
Mechanisms. - If a grain moisture meter is equipped
with a zero setting and/or test point mechanism(s), this
(these) mechanism(s) shall be adjustable only with a tool
outside and entirely separate from this mechanism or
enclosed in a cabinet. This requirement shall not apply
to manual operations that the operator must make
(following operating instructions) in order to obtain a
meter reading on a grain sample.

S.2.2. Provision for Sealing. - Provision shall be made
for applying a security seal in a manner that requires the
security seal to be broken before an adjustnent can be
made to any component of the grain moisture meter that
is set by the manufacturer or authorized service
representative and not intended to be adjusted by the
user.

S.3. Accessory Equipment. - When the operating
instructions for a moisture meter require accessory
equipment separate from and external to the moisture meter,

5.56.(b) Grain Moisture Meters

such equipment shall be appropriate and complete for the
measurement.

S3.1. Grain-Test Scale. - If the moishue meter requires
the weighing of the grain sample, the weighing device
shall meet the requirements of the General Code and
those applicable portions of the Scales Code.

S.3.2. Thermometers or Other Temperature Sensing
Equipment. -

(a) The temperature sensing equipment or thermometer
shall be designed to be in direct contact with a
grain sample in a closed container. It is acceptable
to insert thermometer through a small hole in the
lid of the container used to hold the grain sample.

(b) A separate thermometer or other temperature
sensing equipment shall have ternp€ratue divisions
not greater than the temperature increments usedby
the manufacturer in the correction table.

(Amended 1988)

S.3.3. Conversion and Correction Tables.
Conversion and correction tables, charts, graphs, slide
rules, or other apparatus to convert the conventional
scale values read from a moisture meter to moisture
content values, if such apparatus is required, shall be
appropriate and correct for the moisture meter being used
and shall be marked with the following information:

(a) name and address or trademark of the
manufacturer;

(b) the type or design of the device with which it is
intended to be used:

(c) date ofissue;

(d) the kind or classes of grain or seed for which the
device is designed to measu¡e moisture content;

(e) the limitations of use, including but not confined to
the moisture measurement range, grain or seed

temperature, kind or class of grain or seed,

moisture meter temperature, voltage and frequency
ranges, electomagnetic interferences, and
necessary accessory equipment; but

(Ð values exceeding any measurement range shall not
be included.

(Added 1984)
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S.3.4. Operating Instructions and Use Limitations. -

Operating instructions shall be fumished by the

manufacturer with each device with all of the

information required by paragraph S.3.3. Complete

information concerning the accuracy, sensitivity, and use

of accessory equipment (e.g., test weight per bushel

equipment, thermometer, etc.) necessary in obtaining a

moisture content shall be included.

N. Notes

N.1. Testing Procedures.

N.1.1. Transfer Standards.t - Official grain samples

shall be used as the official transfer standards with

moisture content values assigned by the reference

methods. The reference methods shall be the oven

drying methods as specified by the USDA GIPSA.

Tolerances shall be applied to the average of at least

three measurements on each offrcial grain sample.

Offrcial grain samples shall be clean and naturally moist,

but not tempered (i.e', water not added).

(Amended 1992)

N.1.2. Minimum Test.- A minimum test of a grain

moisture meter shall consist of tests:

(a) with samples (need not exceed three) of each grain

or seed for which the device is used, and

(b) with samples having at least two different moisture

content values within the operating range of the

device.
(Amended 1986, 1989)

t The U.S. Department of Agriculture, Grain Inspection

Packers and Stockyards Administration (GIPSA) uses a

single brand and model of moisture meter for official

inspection of moisture content in grains and other

commodities. The calibrations for the model are based on

the official air-oven method and are developed and

monitored on an established schedule using a broad range

(with respect to geographical source, kind, class, moisture

content, maturity, etc.) of grain samples at its central

laboratory. GIPSA uses a hierarchical series of meter-to-

meter intercomparisons to determine whether its field

meters are operating within acceptable tolerances (+0.2%

with respect to standard meters). It has been shown that

field meters checked by GIPSA procedures perform within

H-44 maintenance tolerances (T.2.) when tested (N.1.)

using offrcial grain samples' Agencies lacking a sample

capability representing the entire nation and traceable to

the official laboratory reference method shall not use

meter-to-meter field testing.

N.1.3. Temperature Measuring Equipment' - The

accurácy of accesSory temperature measuring equipment

shall be determined by comparison with a calibrated

temperature sensor, such as a total immersion

thermometer with 0.1 "C (0.2 'F) subdivisions,

indicating over a range of from 0 'C to 40 'C (32 "F to

104 'F) with a maximum enor of +0.1 'C (0'2 'F)'
Tests shall be conducted at two temperahues using liquid

baths (e.g., ice water and room temperature water)' The

two temperahrres selected shall not exceed the range of
temperatures identified in the moisture meter operating

instructions.
(Amended 1988)

T. Tolerances2

T.1. To Underregistration and to Overregistration' -

The tolerances hereinafter prescribed shall be applied to

errors of under registration and errors of overregistration'

T.2. Tolerance Values. - Maintenance and acceptance

tolerances shall be as shown in Table T'2. Tolerançes are

expressed as a fraction of the percent moisture content of
the official grain sample, together with a minimum

tolerance.

T.3. For Test \ileight Per Bushel Indications or

Recorded Representations. - The maintenance and

acceptance tolerances on test weight per bushel indications

or recorded representations shall be 0.193 kg/hl or

0.15 lb/bu. The test methods used shall be those specihed

by the USDA GIPSA.
(Amended 1992)

T.4. Thermometers or Other Temperature Sensing

Equipment. - The tolerance for a separate thermometer or

temperature sensing equipment used to determi¡e the

temperature of grain samples for the purpose of making

temperature corrections in moisture determinations shall be

+0.5 'c (1 "F).
(Added 1988)

UR. User Requirements

IJR.I. Selection Requirements.

IIR.1.1. Value of the Smallest Unit on Primary

Indicating and Recording Elements. - The value of the

smallest unit on a moisture meter, whether the moisture

fners iolerances do not apply to tests in which grain
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meter reads directly in terms of moisture content, or when
the conventional seale unit is converted or corrected to
moisture content, shall be equal to or less than 0.1 percent.

IIR.I.2. See G-UR.I.2.

UR.2. Installation Requirements. - The grain moisture
meter shall be installed in an environment within the range
of temperature and/or other envi¡onmental factors specified
(a) in the operating manual, and (b) on the conversion or
correction tables if such tables are necessarv for the
operation of the device.

LIR.3. Use Requirements.

UR3.f. Operating Instructions. - The operating
instuctions for the use of the grain moisture meter shall
be readily available to the user, service technician, and
weights and measures offrcial at the place of installation.
It shall include a list of accessory equipment, conversion
and correction charts if any are required to obtain
moisture content values, and the kinds of grain or seed to
be measured with the moisture meter.
(Amended 1988)

IlR3.2. Other Devices not used for Commercial Mea-
surement. - If there are other moisture meters on the
premises not used for tadc or determining other charges
for services, these devices shall be clearly and
conspicuously marked "Not for Use in Trade or
Commerce."

UR.3.3. Maintaining Integrity of Grain Samples. -
Whenever there is a time lapse (temperature change)
between taking the sample and testing the sample, means

to prevent condensation of moisture or loss of moisture

5.56.(b) Grain Moisture Meters

from grain samples shall be used. For example, a cold grain
sample may be kept in a closed containerin-order to permit
the cold grain to come to the operating temperature range of
the meter before the grain moisture measurements are

made.

UR.3.4. Printed Tickets. - Printed tickets shall be free
from any previous indication of moisture content or type
ofgrain or seed selected.

UR.3.5. Accessory Devices. - Accessory devices, if
necessary in the determination of a moisture content
value, shall be in close proximity to the moisture meter
and allow immediate use.

UR.3.6. Sampling. - A grain sample shall be obtained
by following appropriate sampling methods and
equipment. These include, but are not limited to grain
probes ofappropriate length used at random locations in
the bulk, the use of a pelican sampler, ãr otlt"t
techniques and equipment giving equivalent results. The
grain sample shall be taken such that it is representative
of the lot.

UR.3.7. Location. - See G-UR.3.3.

UR.3.8. Level Condition. - If equipped with a level
indicator, a meter shall be maintained in a level
condition.
(Added 1988)

UR.3.9. Operating Limitation. - Unless otherwise
specif,red by the meter manufacturer, moisture
determinations shall not be made when the difference in
temperatures between the grain sample and the meter
exceeds 10 "C (20 'F).
(Added 1988)

IIR-3.10. Current Calibration Chart or Data. - Grain
moisture determinations shall be made using only the

most recently published calibration charts or calibration
data.
(Added 1988)

UR.3.11. Posting of Meter OperatingRange. - The
operating range of the grain moisture meter shall be
clearly and conspicuously posted in the place of business
such that the information is readily visible from a reason-

able customer position. The posted information shall
include the following:

(a) The temperature range over which the meter may
be used and still comply with the applicable
requirements. If the temperature range varies for

Table T.2. Acceptance and Maintenance Tolerances
for Grain Moisture Meters

Type of grain
or seed

Tolerance Minimum
Tolerance

Corn, oats,

rice, sorghum,
sunflower

0.05 of the per-
cent moisture
content

0.8 percent in
moisture
content

All other cereal
and oilgrains

seeds

0.04 of the per-
cent moisture
contenl

0.7 percent in
moisture
content
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different grains or seed, the range shall be specified

(b) The moisture range for each grain or seed for
which the meter is to be used.

(c) The temperature range for each grain or seed for
which the meter is to be used.

(d) The maximum allowable difference in temperature

that may exist between the meter and the sample

for which an accurate moisture determination can

be made.
(Added 1988)
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5.57. Near-Infrared Grain Analvzers

Sec. 5.57. Near-Infiarèd Grain Anâlvzers - Tentative Côde

This tentative code has only a trial or experimental status and is not intended to be enforced. The requirements ¡re
designed for study prior to the development and adoption of a final Code for Near-Infrared Grain Analyzers.
(Tentative Code Added 1994.)

A. Application

4.1. - This code applies to near-infrared (NIR) grain
analyzers; that is, devices used to indicate the constituent
values (other than moisture content) of grain using
near-infrared reflectance or transmittance tecbnology.
These instruments may analyze either whole grain or
ground grain samples. The code consists of general
requirements applicable to all NIR analyzerc and specific
requirements applicable only to certain types of NIR
analyzers, grain types, or grain constih¡ents.

^.2. 
- This code does not apply to devices used for

in-motion measurement of grain constituent values.

43. T$pe Evatuation. - The National Type Evaluation
Program will accept for type evaluation only those devices
that comply with the nonretroactive requirements scheduled
to take effect on January 1, 2000. State enforcement will be
based upon the effective dates identified with each
requirement when specifrc dates are shown.

4.4. - See also Sec. I . l0; General Code requirements.

S. Specifications

S.1. Design of Indicating, Recording, and Measuring
Elements.

5.1.1. Digital Indicøtions ønd Recording Elements.

(a) Analyzers shall be equipped with a digital
indicating element.

(b) The minimum height for the digits used to dßplay
constituent values shall be I0 mm.

(c) Analyzers shall be equipped with a communication
interface that permits interfacing with a recording
element and transmitting the date, grain type or
class, constituent values, and calibrq.tion version
identificatíon.

(d) A digital indicating element shall not dßplay, and
a recording element shall not record, any

constituent value beþre the end of the

measurement cycle.

(e) l|/heat protein content shall be recorded and
displayed as percent protein reported on a constant
moisture basis of I 2 percent wet basis.

(f) An analyzer shall not dßplay or record any
constituent value that is beyond the operating
range of the device unless the constituent value
representation includes a clear error indication
(ønd recorded error message with the recorded
representation).

[Nonretroactive and efective as of January 1, 2000. To

become retroactive as of January I, 2005.J

5.1.2. Selecting Grøìn Class and Constituent. -
Provísíon shall be møde for selecting, and recording
the type or cløss of grøin and the constituent(s) to be
meøsured. The mesns to select the grøin tlpe or
class ønd constituent(s) shøll be readìly visìble and
the type or class ofgrain ønd constituent(s) selected
shall be clearþ and deJìnitely identîJied in letters
(such as HRIW\ HRSIY, etc. or PROT, etc.). A
symbol to identify the display of the type or class of
grain ønd constituent(s) selected is permitted provided
that it is clearly defined adjacent to the display.
Minimum acceptable abbreviations are lßted in Table
5.1.2. Meters shall have the capability (i.e., dßplay
capacity) of indicating the grain type using a
minimum offour characters in order to accommodate
the abbreviations listed in Table 5.1.2.

[Nonretroactive and ffictive as of January ], 2000. To

become retroa.ctive January I, 2005.J
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Table S-1.2. Grøin Types Consíderedfor Type EvaluøtÍon
and Calìbratìon

and Minímum Acceptable Abbreviations

Grain Type M inimum Acceptab le Ab brev ial ion

Durum Wheat

Hard Red Spring Wheat

Hard Red llinter lüheat
Hard White \Yheat

Soft Red Winter \lheat
Soft ll/hite llheat

DURW
HRSI,Y

HRIYW
HDWIry
SRWW

SIW

[Nonretroactive and effective as ofJanuary 1,2000.
To become retrodctìve as of January 1, 2005.J

S./.J. Operøting Range. - An analyzer shall
automatically and clearly indicate when the operating
range ofthe device has been exceeded. The statement of
the operating range shall be specified in the operator's
manual and shall operate as follows:

The ambient temperature range over which the

analyzer may be,used and still comply with the

applicable requirements shall be specirted. The

minimum temperature range shall be I0 "C to
30 "C. No constituent value may be dßplayed
when the temperature range is exceeded. An
appropriate error message shall be displayed when

the temperature of the analyzer is outside its
sp ecified op erating range.

The constttuent range shall be specifiedfor each
grain or seed þr which the analyzer is to be used.

A constituent value may be displayed when the

constituent range is exceeded if accompanied by a

clear indicqtion that the constituent range has been

exceeded.

For whole grain analyzers only, the temperature
range shall be specifiedfor each grain or seedfor
which an analyzer is to be used. The minimum
temperafiire rangeþr each grain shall be I0 "C to

30 "C. No constituent value may be displayed
when the temperature range is exceeded. An
appropriate error message shall be dßplayetl when

the temperature of the grain sample exceeds the

temperature rangefor the grain. The requirements
ofthis subsection (c) are not applicable to ground
grain analyzers.

For whole grain analyzers, the maximum allowable
difference in temperafitre between the instrument
environment (ambient temperature) and the sample

for which an accurate constituent determination

can be made shall be specified. The minimum

temperature range shall cover at least I0 "C. No

constituent value may be dísplayed when the

maximum allowable tempersture difference is

exceedetl. An appropriate error message shall be

dßplayed when the dffirence between the ambient

temperature and the sample temperature exceeds

the specified diference. The requirements of this

subsection (d) are not applicable to ground grain
analyzers.

[Nonretroactive and efective as of January ], 2000. To

become retroactive as of January I, 2005.J

5.1.4. Operating Temperature:

(a) An analyzer shall not dßplay or record any usable

values until the internal operating temperature

necessqry to meet tolerance requirements has been

attained, or the analyzer shall bear a conspicuous

statement adjacent to the indication stating that the

analyzer shall be turned on þr a timg period
specified by the manufacturer prior to use.

(b) If an instrument does not meet tolerance
requìrements because there is an upper internal
operating temperature limit that could be exceeded

when operating within the qmbient temperature

range specified by the manufacturer, then s means

of sensing and indicating an over-temperature

condition must be provided.

[Nonretroactive and efective as of January I, 2000. To

become retroactive as of January 1, 2005.J

5.1.5. Value of Smallest Unit - The display shall permit
constituent value determination to both 0.01 percent and

0.1 percent resolution. The 0.1 percent resolution is for
commercial transactions; the 0.01 percent resolution ß

for calibration pufposes only, not þr commercial
purposes.

[Nonretroactive ønd efective as of January 1, 2000. To

become retroactive as of January I , 2005 'J

S.2. Design of NIR Analyzers

5.2.1. Mínímum Sample Size. - Analyzers shall be

designed to meesure constituent values of representative

size grain samples. The minimum qllowable sample size

used in analysis shall be 20 g.

[Nonretroactive and effective as of January I, 2000. To

become retroactive as of Jønuary I , 2005.1

(a)

(b)

(c)

(d)
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S.2.2. Electric Power Supply,

5.2.2.1. Power Supply, Voltage and Frequency. - An
anaþrzer that operates using alternating current must
perform within tolerance requirements over the line
voltage range 100 V to I 30 V and over thefrequency
range of 59.5 Hz to 60.5 Hz.

[Nonretroactive and effective as ofJanuary ], 2000.
To become retroactive as of January I , 2005.J

5.2.2.2. Power Interruption. - A power interruption
shall not cause an indicating or recording element to
dßplay or record any values outside the applicable
tolerance limits.

[Nonretroactive and effective as ofJanuary 1, 2000.
To become retroactive as of January I , 2005.l

5.2t3. Level Indícatíng Means. - Analyzers shall be
equipped with a level indicator and leveling adjustments
if its performance is changed by an amount greater than
the tolerance requirement when the instrument is moved

from a level position into a position that is out of level in
any upright direction by up to 5 percent (approximately
3 degrees). The level-indícating means shqll be readqble
without removing any instrument parß requiring a tool.
[Nonretroactive and effective as of January I, 2000. To
become retroactive as of January I, 2005.1

5.2.4. Environmental Conditions. - Instrument optics
and electronics must be protected from ercposure to dust
by either sealing these areas or by protecting them with
a dust filtration system suitable for the removal of
air-borne grain dust.

fNonretroactive and efective as of January ], 2000. To
become retroactive as of January I, 2005.1

S.2.5. Calibration Transfer and Verification.

5.2.5.1. CøIibration Transfer. - The instrument
hardwardsoftware design and calibration procedures
shall permit calibration development and the
mathematical transfer of calibrations between
instruments of like models.

Note: Only the manufacturer or the manufacturer's
clesignated service agency may make calibrøtion
transfer or slope adjustments on near-infrared grain
analyzers and, except þr instrument failure and
repøir, only during a prescribed period of time during
the year. This does not preclude the possibility of the
operator' installing the manufacturer-specified
c alibration co ns tants or s tandardization parameters
under the instructions of the manufacturer or the

5.57. Near-Infrared Grain Analvzers

'manufacturerk desígnated service agency: Nor does

it preclude operator bias adjustments when made
under the conditions specified in UR.2.8.

fNonretroactive and effective as of January 1,

2000.1

(Note added 1995) (Amended 1995)

5.2.5.2. Cølibration Version. - An instrument mustbe
capable of dßplaying either calibration constants, a
unique calibration name, or a unique calibration
version number for use in verifuing that the latest
version of the calibration is being used to make
co ns tituent d et erminatio n s.

[Nonretroactive and effectíve as of January I, 2000.
To become retroactive as of January I, 2005.1

5.2.5.3. Calíbratìon Corruptíon. - If calibration
constants are digitally stored in an electroniçqlly
alterableform, the analyzer shall be designed to make
automatic checl<s to detect corruption of calibration
constants. An error message must be dßplayed if
calibration constants have been electronically altered.

fNonretroactive qnd ffictive as of January 1, 2000.
To become retroactive as of January I, 2005.J

5.2.6. Provision for Sealing. - An event logger is
required in the device; it must include an event counter
(000 to 999), the parameter ID, the date and time of the
change, and the new value of the parameter (for
calibration changes consßting of multiple constants, the
calibrqtion versìon number may be used røther than the
calibration constants.)

A printed copy of the inþrmation must be available
through the device or through another on-site device.
The event logger shall have a capacity to retain records
equal to twenty-five (25) times the number of sealable
parqmeters in the device, but not more than 1000 records
are required. (Note: Does not require 1000 changes to
be storedfor each parameter.)

[Nonretroactive and efective as of January I, 2000. To
become retroqctive as of January I, 2005.J
(Amended 1997)

,S.3. Accessory Equipment lVhen the operating
instructions for a IVIR analyzer require accessory
equipment separatefrom and external to the analyzer, such
equipment shall be appropriate and complete for the
measurement.

[Nonretroactive and ffictive as of January I, 2000. To
become retroactive as of January I, 2005.J
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S.3.1. GrÍnders. - The make and model of grinder used

þr ground grain NIR analyzers must be specified by the

manufacturer and requirecl as auxiliary equipment in the

tletermination of constituent values for applicable grain
types.

[Nonretroactive and efective as of January 1, 2000. To

become retroactive as of January I, 2005.1

5.4. Operatíng fnsûuctions s.nd Use Límitations. - The

manufacturer shall furnish operating instructions for the

device and accessories that include complete information
concerning the accuracy, sensitivity, and use ofaccessory
equipment necessary in obtaining a constituent value.

Operøting instructions shall include the following
information:

u. name and address or trademark of the manufacturer;

b. the type or design of the device for which the operating
instructions are intended to be used;

c. date ofissue;

d. the kind or classes of grain or seed þr which the device

is designed to measure constituent values; qnd

e. the limitations of use, including but not limited to

constituent range, grain or seed temperature, kind or
class of grain or seed, instrument temperature, voltage
and frequency ranges, electromagnetic interferences,

and necessary accessory equipment.

[Nonretroactive and efective as of January I, 2000. To

become retroactive as of January 1,2005.1

N. Notes

N.l. Testing Procedures.

N.1.1. Field Inspection. - Whole grain samples shall be
used as the official field inspection standards. Five
samples per grain type or class shall be used to check
instrument performance. Each sample will be analyzed
once. One of the samples will be analyzed an additional
four times to test instrument repeatability. For ground
grain instruments, the ground sample will be repacked

four times. A new grind is not required.

Wheat protein values shall be assigned to test samples by
the Grain Inspection, Packers and Stockyards

Administration (GIPSA). Tolerances shall be applied to
individual sample measurements, the average of
individual measurements on each of the five test

samples; and the maximum difference (range) in results

for five analyses on one of the test samples.

N.1.2. Standard Reference Samples, Wheat. -
Reference samples used for field inspection purposes

shall be clean and selected to reasonably represent the

constituent range. These samples shall be selected such

that the difference between wheat protein values

obtained using the GIPSA standard reference method and

an official GIPSA NIR wheat protein analyzer does not

exceed 0.3 for individual test samples or 0.15 for the

average of five samples.

T. Tolerances

T.1. To Underregistration and to Overregistration. -
The tolerances hereinafter prescribed shall be applied to
errers of under regishation and errors of overregiStration.

T.2. Tolerance Values. - Acceptance and maintenance

tolerances shall be equal. Tolerances for individual samples

and the average for five samples are as shown in Table T.2.

UR. User Requirements

UR.l. Installation Requirements. - The NIR analyzer

shall be installed in an environment within the range of
temperature and/or other environmental factors specified in
the operating manual.

UR.2. User Requirements.

LIR.2.1. Operating fnshuctions. - The operating

instructions for the NIR analyzer shall be readily

available to the user, service technician, and weights and

measures offrcial at the place of installation. It shall

include a list of accessory equipment if any are required

Tabte T.2. Acceptance and Maintenance Tolerances

for NIR Wheat Protein AnalYzers

Type of Grain

Tn¡lividrrrl Average
for Five
Samples

þercent)

Range for
Five

Retests

(percent)

Samples

þercent)

)urum Wheat, Hard Rec

ipring Wheat, Hard Rec

ù/inter'Wheat, Hard Whitt
Wheat, Soft Red Winter

wheat. Soft \vhite wheat

0.60 0.40 0.40
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to obtain constituent values, and the type or class of grain to
be measured with the NIR analvzer.

UR.2.2. Other Devices not used for Commercial
Measurement. - If there are other NIR analyzers on the
premises not used for hade or determining other charges
for services, these devices shall be clearly and
conspicuously marked "Not for Use in Trade or
Commerce.t'

UR.2.3. Prínted Tickets. -

(a) Printed tickets shall be free from any previous
indication of constituent or grain type selected.
The printed ticket shall indicate constituent values
reported on a constant moisture basis.

(b) The customer shall be given a printed ticket
showing the date, grain type or class, constituent
results, and calibration version identification. The
ticket shall be generated by the near-infrared grain
analyzer system.

[Nonretroactive and ffictive as of January I, 2000. To
become retroactive as of January 1, 2005.1

UR.2.4. Grinders. - Place grinders in a separate room
from the NIR analyzer to avoid instrument
contamination. If a separate room is not available, the
grinder may be in the same room with the NIR analyzer
provided the grinder is not placed within I meter of the
air intake on the NIR.

UR.2.5. Sampling. - Samples shall be obtained by
following appropriate sampling methods and equipment.
These include, but are not limited to grain probes of
appropriate length used at random locations in the bulk,
the use of a pelican sampler, or other techniques and
equipment giving equivalent results. The sample shall be
taken such that it is representative ofthe lot.

UR.2.6. Level Condition. - If equipped with a level
indicator, an analyzer shall be maintained in a level
condition.

I1R.2.7. Operating Limitation. - Constituent
determinations shall not be made when the difference in
temperatures between the grain sample and the
insfrument environment (ambient temperature) exceeds
manufacturer recommendations.

UR.2.8. Slope and Bias Adjustments. - Bias changes
shall be made only on the basis of tests mn on a current
set of Standard Reference Samples (SRS) traceable to

5.57. Near-Infrared Grain Analvzers

GIPSA Master Instruments.r A written explanation and
record ofall calibration changes, including those changes
made by a manufacturer or the manufacturer's designated

service agency, shall be maintained. The log shall
indicate the date and magnitude of changes in bias and
slope constants and the instrument serial number. A
Calibration Adjustment Data Sheet for each log entry
shall be available for inspection upon request by the field
inspector. Data Sheets shall be retained by the user for a
period of no less than 18 months following any
calibration adjusUnent. The Data Sheet must show: Date
of test and adjusnnent, serial number of the instrument,
calibration identification, the nature of the adjustment,
the unique identification number and source of sample
sets used, and, for each sample in the set, reference
values, initial instrument results (except in the cases of
instrument failure and repair), and insbument results
after calibration adjustrnent or instrument repair.

I Established error must be known.
(Amended 1995)
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5.58. Multiple Dimension Measuring Devices

Section 5.58. Multiple Dimension Measuring Devices - Tentative Code

This tentative code høs only a tríal or experimental status and is not intended to be enþrced. The rcquírements sre
designed for study prior to the development and adoption of ø Jînat Code for Multiple Dimensìon Measuring Devices. If
upgraded to become ø permanent code, all requÍrements, except those for tolerances, wìll be non-retroactive as of the
effictive date of the permanent code; tolerance requirements wíll apply retroactively as of the effective date of the
permanent code.
(Tentative code Added 1995)

A. Application

4.1. General. - This code applies to dimension and volume
measuring devices used for determining the dimensions
anüor volume of objects for the purpose of calculating
freight, storage, or postal charges based on the dimensions
and/or volume occupied by the object.

4.2. Insofar as they are clearly applicable, the provisions of
this code apply also to devices designed to make multiple
measurements automatically to determine a volume for
other applicatious as defmed by General Code paragraph G-
A.l.

4.3. In addition to the requirements of this code, multiple
dimension measuring devices shall meet the requirements
of Section 1.10. General Code.

4.4. This code does not apply to:

(a) devices designed to indicate automatically (with or
without value-computing capabilities) the length of
fabric passed through tle measuring elements (see
Sec. 5.50. for Fabric-Measuring Devices),

(b) devices designed to indicate automatically the length
of cordage, rope, wile, cable, or similar flexible
material passed tbrough the measuring elements (see
Sec. 5.51. for Wi¡e- and Cordage-Measuring
Devices), or

(c) any linear meÍuiure, measure of lengt\ or devices used
to measure individual dimensions for the purpose of
assessing a charge per unit of measurement of the
individual dimension (see Sec. 5.52. for Linear
Measures).

4.5. Type Evaluation. - The National Type Evaluation
Program will accept for type evaluation only those devices
that comply with all requirements of this code.

S. Specifications

S.1. Design of Indicating and Recording Elements and
of Recorded Representations.

S.1.1. Zero or Ready Indication.

(a) Provision shall be made to indicate or re-cord either
a zeÍo or ready condition.

(b) A zero or ready condition may be indicated by
other than a continuous digital zero indication,
provided that an effective automatic means is
provided to inhibit a measuring operation when the
device is in an out-oÊzero or non-ready condition.

S.1.2. Digital Indications. - Indicated and recorded
values shall be presented digitally.

S.1.3. Negative Values. - Except when in the tare mode,
negative values shall not be indicated orrecorded.

S.1.4. Dimensions Indication. - If in normal operation
the device indicates or records only volume, a testing
mode shall be provided to indicate dimensions for all
objects measured.

S.1.5. Value of I)imension/Volume Division Units. -
The value ofa device division "d" expressed in a unrt of
dimension shall be presented in a decimal format with
the value ofthe division expressed as:

(a) 1,2, or 5; or
(b) a decimal multiple or submultiple of 1, 2, or 5;or
(c) a binary submultiple of a specific inch-pound unit

of measure.

Examples: device divisions may be 0.01, 0.02, 0.05; 0.1,
0.2,or 0.5; l, 2, or 5; 10,20,50, or 100; 0.5,0.25,0.125,
0.0625. etc.
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5.1.5.1. For Indirect Sales. - In addition to the

values specified in S.1.5., the value of the division
may be 0.3 inch and 0.4 inch.

S.1.6. Customer Indications and Recorded

Representations. - Multiple dimension measuring

systems must provide information as specified in Table

S.l.6. (See Table Appendix at the end of this code')

S.1.7. Minimum Lengths. - The minimum length to be

measured by a device is 12 d. The manufacturer may

specify a longer minimum length.

S.f.8. Indications Below Minimum and Above

Maximum. - Except for entries of tare, when objects are

smaller than the minimum dimensions identified in
paragraph S.1.7. or larger than 105 percent of the

maximum dimensions and/or volume marked on the

device, the indicating or recording element shall either:

(a) not display or record any usable values, or

(b) identify the displayed or recorded representation
with an error indication.

S.1.9. Operating Temperature. - An indicating or

recording element shall not display nor record any usable

values until the operating temperature necessary for
accurate measuring and a stable zero reference or ready

condition have been attained.

S.1.10. Adjustable Components. - Adjustable

components shall be held securely in adjustrnent and,

except for a zeroing mechanism (when applicable), shall

be located within the housing of the element.

S.1.11. Provision for Sealing.

(a) A device shall be designed with provision(s) for

applying a security seal that must be broken, or for
using other approved means of providing security

(e.g., data change audit trail available at the time of
inspection), before any change that detrimentally
affects the metrological integrity of the device can

be madè to any measuring element.

(b) Audit trails shall use the format set forth in
Table S.1.1 1. (See Table Appendix at the end of
this code.)

S.2. Design of Zero and Tare.

S.2.1. Zero or Ready Adjustment. - A device shall be

equipped with means by which the zero reference or

ready condition can be adjusted, or the zero reference or

ready condition shall be automatically maintained' The

zero reference or ready control circuits shall be

interlocked so that their use is prohibited during

measurement oPerations.

S.2.2. Tare. - The tare function shall operate only in a

backward direction (that is, in a direction of
underregistration) with respect to the zero reference or

ready condition of the device. The value of the tare

division or increment shall be equal to the division of its

respective axis on the device. There shall be a clear

indication that tare has been taken.

S.3. Systems with Two or More Measuring Elements. -

A multiple dimension measuring system with a single

indicating or recording element, or a combination

indicating-recording element, that is coupled to two or more

measuring elements with independent measuring systems,

shall be provided with means to prohibit the activation of
any measuring element (or elements) not in use, and shall

be provided with automatic means to indicate clearly and

definitely which measuring element is in use.

S.4. Marking Requirements. [See also G-S.l.' G-S.4.'

G-S.5.2.5., G-S.6., G-S.7., G-UR.2.1.1., and G-IJR'3.1'l

S.4.1. Muttiple Dimension Measuring Devices, Main
Elements, and Components of Measuring Devices' -

Muþle dimeruion measuring devices, main elements of
multiple dimension measuring devices when not

contained in a single enclosule for the entire

dimension/volume measuring device, and other

components shall be marked as specified in Table

S.4. 1.a. and explained in ttre accompanying notes, Table

S.4.1.b. (See Table Appendix at the end of thís code.)

S.4.2. Location Of Marking Information. - The

required marking information shall be so located that it
is readily observable without the necessity of the

disassembly of a part requiring the use of any means

separate from the device.

N. Notes

N.l. Test Procedures.

N.1.1. General. - The device shall be tested using test

standards and objects of known and stable dimensions'
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N.1.2. Position Test.- Measurements are made using
different positions of the test object and consistent with
the manufacturer's specified use for the device.

N.1.3. Disturbance Tests, Field Evaluation. - A
disturbance test shall be conducted at a given installation
when the presence of disturbances specified in T.7. has

been verified and characterized if those conditions are

considered "usual and customary."

N.1.4. Test Object Size. - Test objects may vary in size

from the smallest dimension to the largest dimension
marked on the device, and for field verification
examinations, shall be an integer multiple of "d."

N.1.5. Digital Zero Stability. - A zero indication
change test shall be conducted on all devices which show

a digital zero. After the removal of any test object, the

zero indication shall not change. (Also see G-I-IR.4.2.)

T. Tolerances

T.1. Design. - The tolerance for a multiple dimension
measuring device is a performance requirement
independent of the design principle used.

T.2. Tolerance Application.

T.2.1. Type Evaluation. - For type evaluations, the

tolerance values apply to tests within the influence factor
limits of temperature and power supply voltage specified
in T.5.1. and T.5.2.

T.2.2. Subsequent Verification. - For subsequent

verifications, the tolerance values apply regardless ofthe
influence factors in effect at the time of the verification.
(Also see G-N.2.)

T.2.3. Multi-interval (Variable Division-Value)
Devices. - For multi-interval devices, the tolerance

values are based on the value of the device division of
the range in use.

T.3. Tolerance Values. - The maintenance and acceptance

tolerance values shall be + 1 d. These tolerances apply
regardless of the shape or material of the object being
measured unless otherwise marked on the device.

T.4. Position Tests. - For a test standard measured several

times in different positions by the device all indications
shall be within applicable tolerances.

5.58. Multiple Dimension Measuring Devices

T.5. Influence Factors. - The following factors are

applicable to tests conducted under controlled conditions
only.

T.5.1. Temperature. - Devices shall satisfu the

tolerance requirements under the following temperature
conditions.

T.5.1.1. Temperature Limits. - If not marked on
the device, the temperature limits shall be:

-10 "c to 40 'c (14 'F to 104 "F).

T.5.1.2. Minimum Temperature Range. - If
temperature limits are specified for the device, the

range shall be at least 30 oC or 54 'F.

T.5.1.3. Temperature Effect on Zero Indication.
- The zero indication shall not vary by more than

one division per 5 oC (9 "F) change in temperature.

T.5.2. Power Supply Voltage. - Devices shall satisff
the applicable tolerances when subjected to power supply
voltage variation of -15 percent to +10 percent of the

voltage rating specified by the manufacturer.

T.6. Disturbances, Field Evaluation. - The following
requirements apply to devices when subjected to
disturbances which may normally exist in the

surrounding environment. These disturbances include
radio frequency interference (RFI), electromagnetic
interference (EMI), acoustic changes, ambient light
emissions, etc. The difference between the measurement

indication with the distu¡bance and the measurement

indication without the disturbance shall not exceed one

division "d" or the equipment shall:

(a) blank the indication, or

(b) provide an error message, or

(c) the indication shall be so completely unstable that
it could not be interpreted, or hansmitted into
memory or to a recording element, as a correct
measurement value.

UR. User Requirements

UR.l. Selection Requirements. - Equipment shall be

suitable for the service in which it is used with respect to
elements of its design, including but not limited to, its
maximum capacþ, value of the division, minimum
capacity, and computing capability.
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UR.l.1. Value of the Indicated and Recorded Divi-
sion. - The value of the division recorded shall be the

same as the division value indicated.

UR.2. Installation Requirements.

UR.2.l. Supports. - A device that is portable and is
being used on a counter, table, or the floor shall be so

positioned that it is frmly and securely supported.

tIR2.2. Foundation, Supports, and Clearance. - The

foundations and support ofa device installed in a fixed
location shall be such as to provide strength, rigidity, and

perrnanence of all components, and clearance shall be
provided around all live parts to the extent that no

contacts may result when the measuring element is
empty, nor throughout the perfornance range of the

device such that the operation or performance of the

device is adversely affected.

UR.2.3. Protection From Environmental Factors. -
The indicating and measuring elements of a device shall
be adequately protected from environmental factors such

as wind, weather, and RFI that may adversely affect the

operation or performance of the device.

lJR.3. Use Requirements.

{JR.3.1. Mnimum and Maximum Measuring Ranges.

- A device shall not be used to measure objects smaller
than the minimum or larger than the maximum
dimensions marked on the device.

UR.3.2. Special Designs. - A multiple dimension
measuring device designed and marked for a special

application shall not be used for other than its intended
purpose.

UR.4. Maintenance Requirements.

UR.4.l. Zero or Ready Condition. - The zero-setting
adjustment of a multiple dimension measuring device

shall be maintained so that, with no object in or on the

measuring element the device shall indicate or record a
zero or ready condition.

uR.4.2. Level Condition. - If a multiple dimension
measuring device is equipped with a level-condition
indicator, the device shall be maintained in a level
condition.

UR.4.3. Device Modification. - The measuring

capabilities of a device shall not be changed from the

manùfactu¡er's design unlesS the modification has been

approved by the manufacturer and the weights and

measures authority having jurisdiction over the device.

D. Definitions

billed weight. The weight used in the computation of the

freight, postal, or storage charge, whether actual weight or
dimensional weight.

"dr" dimension division value. The smallest increment

that the device displays for any axis and length of object in
that axis.

dimensional weight (or dim. weight). A value computed

by dividing the object's volume by a conversion factor; it
may be used for the calculation of charges when the value

is greater than the actual weight.

measuring element. fhat portion of a complete device
which does not include the indicating element.
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Table S.1.6 Information to be Provided

Scenarios :

Information I

Scenario l.l Scenario 1.2 Scenario 1.3 Scenarios 2, 3, 4

Customer present
lnrinter onlvl

Customer present
ldisnlav onlvl

Customer present
(printer and display)

Customer is not present

System ID P (only in multi-
svstem annlicationsl

D (only in multi-
system apDlications)

D or P (only in multi-
system aoplications)

PorA

Obiect ID N/A N/A N/A PorA

Dimensions
and/or volume,
units

P D DandP PorA

Error indicator P D DandP N/A

Billine method P D DorP NiA

Billed weieht P D DorP N/A

Total price P D DorP N/A

Dim weight (if
aoolicable)

P D DorP PorA

Scale weight
(if aoplicable)

P D DorP PorA

Tare (if
applicable)

P D DorP P orA

Oversized
indicator

P D DorP PorA

Dimensions are
of smallest box

PorM DorM DorPorM PorA

Billing rate or
rate chart,
conversion
factors

A A A PorA

D = DISPLAYED
A : AVAILABLE UPON REQUEST (retained for at least 30 days after invoice)
N/A: NOTAPPLICABLE
P _ PRINTED
M: MARKED ON THE DEVICE

5-43



5.58. Multiple Dimension Measuring Devices

Table S.1.11. Categories of Devices and Methods of Sealing

Categories of Devices

Seal by physical seal or two event counters:

one for calibration parameters and one for
configuration parameters.

Category 1: No remote configuration.

one for configuration Parameters.

The hardware enabling access for remote

communication must be at the device and

sealed using a physical seal or two event

counters: one for calibration parameters and

mode and record such message if capable of printing in this mode.

Category 2: Remote configuration capability, but access is

controlled by physical hardware.

Device shall clearly indicate that it is in the remote configuration

An event logger is required in the device; it
must include an event counter (000 to 999),

the parameter ID, the date and time of the

change, and the new value of the parameter.

A printed copy of the information must be

available through the device or through

another on-site device. The event logger shall

have a capacity to retain records equal to ten

times the number of sealable parameters in
the device, but not more than 1000 records

are required. (Note: Does not require 1000

changes to be stored for each parameter.)

Category 3: Remote configuration capability access may be

unlimited or controlled through a software switch (e.g., password).

Table S.4.1.a. Marking Requirements

To Be Marked V/ith Multþle Dimension Measuring Equipment

Multiple
dimension
measuring
device and
indicating

element in same

housing

Indicating
element not
permanently
attached to

multiple
dimension
measuring

element

Multiple
dimension
measuring

element not
permanently

attached to the

indicating
element

Other
equipment (1)

Manufacturer's ID x X x x

Model Designation X x X x

Serial Number and Prefix X x x x (2)

Minimum and Maximum Dimensions for
Each Side (3)

X X x

Value of Measuring Division, d x x x

Temperature Limits (4) x x X

Minimum & Maximum speed (5) x x x

Special Application (6) x x X

Limitation of Use (7) x x X
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Table S.4.1.b. Notes for Table S.4.1.a.

l. Necessary to the dimension and/or volume measuring system, but having no effect on the measuring value, e.g., auxiliary remote display,
keyboard, etc.

2. Modules without "intelligence" on a modular system (e:g., printer, keyboard module, etc.) are not required to have serial numbers.

3, The minimum and maximum dimensions can be shown as follows:
Length: min._ max.
Width: min._ max.
Height: min._ max.

4. Required if the range is other than -l 0 to 40 oC (14 to 104 oF).

5. If the multiple dimension measuring device requires that the object or device be moved relative to one another, the minimum and maximum
speeds are marked which enable the device to make measurements that are within the applicable tolerances shall be marked.

6. A device designed for a special application rather than general use shall be conspicuously marked with suitable words visible to the operator
and the customer restricting its use to that application.

7. Materials, shapes, structu¡es, or object orientations that are inappropriate for the devíce or those that are appropriate.
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Fundamental Considerations

Appendix A

Fundamental Considerations
Associated with the

Enforcement of Handbook 44 Codes

1. Uniformity of Requirements

1.1. National Conference Codes. - rWeights and measures
jurisdictions are urged to promulgate and adhere to the

National Conference codes, to the end that uniform
requirements may be in force throughout the country. This

action is recommended even though a particular jurisdiction

does not wholly agree with every detail of the National

-Conference codes. Uniformiry of specifications .and
tolerances is an important factor in the manufacture of
commercial equipment. Deviations from standard designs

to meet the special demands of individual weights and

measures jurisdictions are expensive, and any increase in
costs of manufacture is, of course, passed on to the purchas-

er of equipment. On the other hand, if designs can be

standardized by the manufacturer to conform to a single set

of technical requirements, production costs can be kept

down, to the ultimate advantage of the general public.
Moreover, it seems entirely logical that equipment that is

suitable for commercial use in the "specification" States

should be equally suitable for such use in other States.

Another consideration supporting the recommendation for
uniformity of requirements among weights and measures
jurisdictions is the cumulative and regenerative effect of the

widespread enforcement of a single standard of design and

performance. The enforcement effort in each judsdiction
can then reinforce the enforcement effort in all other
jwisdictions. More effective regulatory control can be real-

ized with less individual effort under a system of uniform
requirements than under a system in which even minor
deviations from standard practice are introduced by
independent State action.

Since the National Conference codes rçresent the majority
opinion ofa large and representative group ofexperienced
regulatory officials, and since these codes are recognized by
equipment manufacturers as thei¡ basic guide in the design

and construction of commercial weighing and measuring

equipment, the acceptance and promulgation of these codes

by each State are strongly recommended.

1.2, Form of Promulgation. - A convenient and very

effective form of promulgation already successfully used in

a considerable number of States is promulgation by citation

of National Institute of Standards and Technology

Handbook 44. It is especially helpful when the citation is

so made tha! as amendments are adopted from time to time

by the National Conference on Weights and Measures,

these automatically go into effect in the State regulatory

authority. For example, the following form of
promulgation hâs been used sucóëSsfully --add ìS
recommended for consideration:

The specifications, tolerances, and other technical

requirements for weighing and measuring devices as

recommended by the National Conference on Weights

and Measures and published in the National Instihrte of
Standards and Technology Handbook 44, Speci-

fìications, Tolerances, and Other Technical

Requirements for V/eighing and Measuring Devices,

and supplements thereto or revisions thereof, shall

apply to commercial weighing and measuring devices

in the State.

In some States it is preferred to base tech:rical requirements

upon specific action ofthe State legislature rather than upon

an act of promulgation by a State officer. The advantages

cited above may be obtained and may yet be surrounded by

adequate safeguards to insure proper freedom ofactionby
the State enforcing officer if the legislature adopts the

National Conference requirements by language somewhat

as follows:

The specifications, tolerances, and other technical

requirements for weighing and measuring devices as

recommended by the National Conference on Weights

and Measures shall be the specifications, tolerances,

and other technical requirements for weighing and

measuring devices of the State except insofar as

specifically modified, amended, or rejected by a

regulation issued by the State (insert title of enforcing

officer).
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2. Tolerances for Commercial Equipment

2.1. Acceptance and Maintenance Tolerances. - The
official tolerances prescribed by a weights and measures
jurisdiction for commercial equipment are the limits of
inaccuracy ofïicially permissible within that jurisdiction. It
is recognized that enorless value or performance of
mechanical equipment is unattainable. Tolerances are

established, therefore, to fix the range of inaccuracy within
which eguipment will be offrcially approved for
commercial use. In the case of classes of equipment on
which the magnitude of the errors of value or performance
may be expected to change as a result of use, two sets of
tolerances are established: acceptance tolerances and

maintenance tolerances.

Acceptance tolerances are applied to new or newly
reconditioned ôr âdjusted equipment, and are smaller than
(usually one-half of) the maintenance tolerances. Main-
tenance tolerances thus provide an additional range of
inaccuracy within which equipment will be approved on
subsequent tests, permitting a limited amount of
deterioration before the equipment will be officially
rejected for inaccuracy and before reconditioning or
adjusEnent will be required. In effect, there is assured a

reasonable period of use for equipment after it is placed in
service before reconditioning will be officially required.
The foregoing cornments do not apply, of course, when
only a single set of tolerance values is established, as is the
case with equipment such as glass milk bottles and
graduates, which maintain their original accuracy regardless
of use, and measure-containers, which are used only once.

2.2. Theory of Tolerances. - Tolerance values are so fixed
that the permissible errors are sufficiently small that there is
no serious injury to either the buyer or the seller of
commodities, yet not so small as to make manufachuing or
maintenance costs of equipment disproportionately high.
Obviously, the manufachuer must know what tolerances his
equipment is required to meet, so that he can manufacture
economically. His equipment must be good enough to
satisff commercial needs, but should not be subject to such
stringent tolerance values as to make it unreasonably costly,
complicated, or delicate.

2.3. Tolerances and Adjustments. - Tolerances are
primarily accuracy criteria for use by the regulatory official.
However, when equipment is being adjusted for accuracy,
either initially or following repair or offrcial rejection, the
objective should be to adjust as closely as practicable to
zero error. Equipment orffners should not take advantage of
tolerances by deliberately adjusting their equipment to have

a value, or to give performance, at or close to the tolerance

limit. Nor should the repair or service personnel bring

equipment merely within tolerance range when it is possible

to adjust closer to zero error.l

3. Testing Apparatus

3.1. Adequacy. - Tests can be made properly only if,
among other things, adequate testing apparatus is available.

Testing apparatus may be considered adequate

only when it is properþ designed for its intended use, when
it is so consúucted that it will retain its characteristics for a
reasonable period under conditions of normal use, when it
is available in denominations appropriate for a proper

determination of the value or performance of the

commercial equipment under tesÇ and when it is accurately

calibrated.

3.2. Tolerances for Standards.2 - The error in a standa¡d

used by a weights and measures official should be known
and corrected for when the standard is used; or if the

standard is to be used without correction, its error should be

not greater than one-third of the smallest tolerance to be

applied when the standard is used. The reason for this is to

keep at a minimum the proportion of the tolerance on the

item tested that will be used up by the error of the standard.

Expressed differently, the reason is to give the item being
tested as nearly as practicable the full benefit of its own
tolerance.

Field testing operations are complicated to some degree

when corrections to standards are applied. Except for work
of relatively high precision, it is recommended that the

accuracy of standards used in testing commercial weighing
and measuring equipment be so established and maintained
that the use of corrections is not necessary. Also, whenever
it can readily be done, it will be desirable to reduce the error

on a standard below the one-third point previously

mentioned.

3.3. Accuracy of Standards. - Prior to the official use of
testing apparatus, its accuracy should invariably be verified.

I See General Code, Section 1.10.; User Requirement G-
uR.4.3.

2 The numerical values ofthe tole¡ances recoüunendedby
the National Institute of Standards and Technology, for the

standards of length, mass, and capacity used by weights and

measures officials, may be obtained upon request from the

Offrce of Weights and Measures of the National Instihrte of
Standards and Technology.
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Standards should be reverified as often as circumstances

require. By their nature, metal volumetric standards are

more susceptible to damage in handling than are standards

of some other types. A standard should be recalibrated
whenever damage is known or suspected to have occurred
or significant repairs have been made. In addition,
standards, particularly volumetic standards, should be

recalíbrated with suffrcient frequency to affirm their
confinued accuracy, so that the offrcial may always be in an

unassailable position with respect to the accuracy of his
testing apparatus. Secondary standards, such as special

fabric testing tapes, should be verified much more
frequently than such basic standards as steel tapes or
volumetric provers to demonstrate thei¡ constancy of value
or performance.

Accurate and dependable results cannot be obtained with
faulty or inadequate standards. Ifeither the service person

or offrcial is poorly equipped, their results cannot be

expected to check consistently. Disagreements can be

avoided and the servicing of commercial equipment can be

expedited and improved if service persons and officials give
equal attention to the adequacy and mainteuance of their
testing apparatus.

4. Inspection of Commercial Equipment

4.1. Inspection Versus Testing. - A distinction may be
made between the inspection and the testing of commercial
equipment that should be useful in differentiating between

the two principal groups of official requirements; i.e.,

specifications and performance requirements. Although the

term inspection is frequently loosely used to include
everything that the official has to do in connection with
commercial equipment, it is useful to limit the scope of that
term primarily to examinations made to determine
compliance with design, maintenance, and user
requirements. The term testing may then be limited to those

operations carried out to determine the accuracy of value or
performance of the equipment under examination by
comparison with the actual physical standards of the

official. These two terms will be used herein in the limited
senses defined.

4.2. Necessity for Inspection. - It is not enough merely to
determine that the errors of equipment do not exceed the

appropriate tolerances. Specification and user requirements
are as important as tolerance requirements and should be

enforced. Inspection is particularly important, and should
be carried out with unusual thoroughness whenever the

official examines a type of equipment not previously
encountered.

Fundamental Considerations

This is the way the official leams whether or not the design

and construction ofthe device conform to the specification

requirements. But even a device of a type with which the

offrcial is thoroughly familiar and that he has previously

found to meet specification requirements should not be

accepted entirely on faith. Some part may have become

damaged, or some detail of design may have been changed

by the manufacturer, or the owner or operator may have

removed an essential element or made an objectionable

addition. Such conditions may be leamed only by
inspection. Some degree of inspection is therefore an

essential part of the official examination of every piece of
weighing or measuring equipment.

4;3. Specification Requirements. - A thoroughknowledge
by the offrcial of the specification requirements is a
prerequisite to competent inspection of equiprnent. The

inexperienced official should have-his specifications before'

him when making an inspection, and should check the

requirements one by one against the equipment itself.

Otherwise some important requirement may be overlooked.

As experience is gained, the official will become

progressively less dependent on the Handbook, until finally
observance of faulfy conditions becomes almost automatic

and the time and effort required to do the inspecting are

reduced to a minimum. The printed specifications,

however, should always be avaìlable for reference to refresh

the official's memory or to be displayed to support his

decisions, and they are an essential item ofhis kit.

Specification requirements for a particular class of
equipment are not all to be found in the separate code for
that class. The requirements of the General Code apply, in
general, to all classes of equipment, and these must always

be considered in cornbination with the requirements of the

appropriate separate code to arrive at the total of the

requirements applicable to a piece of commercial

equipment.

4.4. General Considerations. - The simpler the com-

mercial device, the fewer are the specification requirements

affecting it, and the more easily and quickly can adequate

inspection be made. As mechanical complexity increases,

however, inspection becomes increasingly important and

more time consuming, because the opportunities for the

existence of faulty conditions are multiplied. It is on the

relatively complex device, too, that the official must be on

the alert to discover any modification that may have been

made by an operator that might adversely affect the ptoper

functioning of the devicc.
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It is essential for the official to familiarize himself with the

design and operating characteristics ofthe devices that he

inspects and tests. Such knowledge can be obtained from
the catalogs and advertising literature of device

manufacturers, from trained service persons and plant
engineers, from observation of the operations performed by
service persons when reconditioning equipment in the field,
and from a study of the devices themselves.

Inspection should include any auxiliary equipment and

general conditions extemal to the device that may affect its
performance characteristics. In order to prolong the life of
the equipment and forestall rejection, inspection should also

include observation of the general maintenance of the

device and of the proper functioning of all required
elements. The offrcial should look for worn or weakened

mechanical parts, leaks in volumetric equipment, or
elementsin need of cleaning:

4.5. Misuse of Equipment. - Inspection, coupled with
judicious inquiry, will sometimes disclose that equipment is
being improperly used, either through ignorance of the

proper method of operation or because some other method
is preferred by the operator. Equipment should be operated
only in the man¡er that is obviously indicated by its
construction or that is indicated by instmctions on the

equipment, and operation in any other manner should be

prohibited.

4.6. Recommendations. - A comprehensive knowledge of
each installation will enable the offrcial to make con-
structive recommendations to the equipment owner
regarding proper maintenance of his weighing and mea-
suring devices and the suitability of his equipment for the
purposes for which it is being used or for which it is
proposed that it be used. Such recommendations are always
in order and may be very helpful to an owner. The official
will, of course, carefully avoid partiality toward or against
equipment of specific makes, and will confme his
recommendations to points upon which he is qualified, by
knowledge and experience, to make suggestions of practical
merit.

4.7. Accurate and Correct Equipment. - Finally, the

weights and measures official is reminded that commercial
equipment may be accurate without being correct. A piece
of equipment is accurate when its performance or value
(that is, its indications, its deliveries, its recorded
representations, or its capacity or actual value, etc., as deter
mined by tests made with suitable standards) conforms to
the standard within the applicable tolerances and other
performance requirements. Equipment that fails so to

conform is inaccurate. A piece of equipment is correct
when in addition to being accurate, it meets all applicable
specification requirements. Equipment that fails to meet
any of the requirements for correct equipment is incorrect.
Only equipment that is correct should be sealed and
approved for commercial use.3

5. Correction of Commercial Equipment

5.1. Adjustabte Elements. - Many types of weighing and

measuring instuments are not susceptible of adjustment for
accuracy by means of adjustable elements. Linear
measures, liquid measures, graduates, measlue-containers,

milk and lubricating-oil bottles, farm milk tanks, dry
measures, and some of the more simple þpes of scales are

in this category. Other types (for example, taximeters and

odometers and some metering devices) may be adjusted in
the field, but only by chánging certain parts such as geäis in
gear hains.

Some types, of which fabric-measuring devices and

cordage-measuring devices are examples, are not intended
to be adjusted in the field and require reconditioning in
shop or factory if inaccurate. Liquid-measuring devices and

most scales are equipped with adjustable elements, and

some vehicle-tank compartrnents have adjustable indicators.

Field adjusbnents may readily be made on such equipment.

In the discussion that follows, the principles pointed out and

the recommendations made apply to adjustnents on any
commercial equipment, by whatever means accomplished.

5.2. When Corrections Should be Made. - One of the

primary duties of a weights and measures official is to
determine whether equipment is suitable for commercial
use. If a device conforms to all legal requirements, the

official rrmarl<s' or "seals" it to indicate approval. If it does

not conform to all official requirements, the offrcial is
required to take action to ensure that the device is corrected

within a reasonable period of time. Devices with
performance errors that could result in serious economic

injury to either party in a transaction should be prohibited

from use immediately and not allowed to be returned to
service until necessary corrections have been made. The

official should consider the most appropriate action, based

on all available information and economic factors.

Some officials contend that it is justifiable for the official to
make minor corrections and adjustments if there is no
service agency nearby or if the owner or operator depends
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on this single device and would be "oùt of busihess" if the
use of the device were prohibited until repairs could be

made.

Before adjusünents are made at the request of the owner or
the owner's representative, the official should be confrdent
that the problem is not due to faulty installation or a

defective part, and that the adjustment will correct the
problem. The offrcial should never undertake major
repairs, or even minor corrections, if services of
commercial agencies are readily available. The offrcial
should always be mindful of conflicts of interest before
attempting to perform any sewices other than normal
device examination and testing duties.
(Amended 1995)

5.3. Gauging. - In the majorþ of cases, when the weights
and measures official tests commercial equipment, he is
verifying the accuracy of a value or the accuracy of the

performance as previously established either by himself or
by someone else. There are times, however, when the test

of the official is the initial test on the basis of wtrich the

calibration of the device is fust determined or its
performance fust established. The most common example
of such gauging is in connection with vehicle tanks the

compartments of which are used as measures. Frequently
the official makes the first determination on the capacities

of the comparünents of a vehicle tank, and his test results

are used to determine the proper settings of the compart-
ment indicators for the exact comparhnent capacities
desired. Adjustrnents of the position of an indicator under
these circumstances are clearly not the kind of adjustrnents

discussed in the preceding paragraph.

6. Rejection of Commercial Equipment

ó.1. Rejection and Condemnation. - The uniform
Weights and Measures Law contains a provision stating that

the director shall reject and order to be corrected such
physical weights and measures or devices found to be

incorrect. Weights and measures and devices that have
been rejected may be seized if not corrected within a

reasonable time or if used or disposed of in a manner not
specifically authorized. The director shall remove from
service and may seize weights and measures found to be
incorrect that are not capable of being made correct.

These broad powers should be used by the official with
discretion. The director should always keep in mind the
properry rights of an equipment owner, and cooperate in
working out arrangements whereby an owner canrealize at

least something from equipment that has been rejected. In
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êases of doubt, the official should initially reject rather than
condemn outright. Destruction and confiscation of
equipment are harsh procedures. Power to seize and

destroy is necessary for adequate control of extreme
situations, but seizure and destruction should be resorted to

only when clearly justifred.

On the other hand, rejection is clearly inappropriate for
many items of measuring equipment. This is true for most
linear measures, many liquid and dry measures, and

graduates, measure-containers, milk bottles, lubricating-oil
bottles, and some scales. When such equipment is

"incorrect," it is either impractical or impossible to adjust or
repair it, and the official has no altemative to outight con-
demnation. When only a few such items are involved,
immediate destruction or confiscation is probably the best
procedure. If a considerable number of items are involved
(as, for example, a stock of, measures in the hands of a
dealer or a large shipment of bottles), retum of these to the

manufacturer for credit or replacement should ordinarily be
permitted provided that the official is assured that they will
not get into commercial use. In rare instances, confiscation
and destuction are justified as a method of control when
less harsh methods have failed.

In the case of incorrect mechanisms such as

fabric-measuring devices, taximeters, liquid-measuring
devices, and most scales, repair of the equipment is usually
possible, so rejection is the customary procedure. Seizure
may occasionally be justified but in the large majority of
instances this should be unnecessary. Even in the case of
wom-out equipment, some salvage is usually possible, and

this should be permitted under proper conhols.
(Amended 1995)

7. Tagging of Equipment

7.1. Rejected and Condemned. - It will ordinarily be
practicable to tag or mark as rejected each item of
equipment found to be incorrect and considered susceptible
of proper reconditioning. However, it can be considered
justifrable not to mark as rejected incorrect devices capable
of meeting acceptable performance requirements if they are

to be allowed to remain in service for a reasonable time
until minor problems are corrected since marks of rejection
may tend to be misleading about a device's ability to
produce accurate measurements during the correction
period. The tagging of equipment as condemned, or with a
similar label to indicate that it is perrnanently out of service,
is not recommended if there is any other way in which the
equipment can definitely be put out of service. Equipment
that cannot successfully be repaired should be dismantled,
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removed from the ptemises, or confiscated by the official
rather than merely being tagged as "condemned."
(Amended 1995)

7.2. Nonsealed and Noncommercial. - Rejection is not
appropriate if measuring equipment cannot be tested by the

official at the time of his regular visit-for example, when
there is no gasoline in the supply tank of a

gasoline-dispensing device. Some officials affix to such

equipment a nonsealed tag stating that the device has not
been tested and sealed and that it must not be used

commercially until it has been offrcially tested and ap-

proved. This is recommended whenever considerable time
will elapse before the device can be tested.

Where the offrcial finds in the same establishment
equipment that is in commercial use and also equipment
suitable for commercial use that is not presently in service,

but which may be put into service at some future time, he

may treat the latter equipment in any of the following ways:

a. Test and approve the same as commercial equipment

in use.

b. Refrain from testing it and remove it from the

premises to preclude its use for commercial
purposes.

c. Mark the equipment nonsealed.

Where the official finds commercial equipment and

noncommercial equipment installed or used in close
proximity, he may treat the noncommercial equipment in
any of the following ways:

a. Test and approve the same as commercial equip-
ment.

b. Physically separatg the two groups of equipment so
*hat misuse of the noncommercial equipment will be

prevented.

c. Tag it to show that it has not been officially tested
and is not to be used commercially.

8. Records of Equipment

8.1. The official will be well advised to keep careful
records of equipment that is rejected, so that he may follow
up to insure that the necessary repairs have been made. As
soon as practicable following completion of repairs, 'the

equipment should be retested. Complete records should

also be kep of equipment that has been tagged as nonsealed

or noncommercial. Such records may be invaluable should

it subsequently become necessary to take disciplinary steps

because of improper use of such equipment.

9. Sealing of Equipment

9.1. Types of Seals and Their Locations. - Most weights

and measures jurisdictions require that all equipment

officially approved for commercial use (with certain
exceptions to be pointed out later) be suitably rnarked or

sealed to show approval, This is done primarily for the

benefit of the public to show that such equipmenthas been

officially examined and approved. The seal of approval

should be as conspicuous as circumstances permit and

should be of such a character and so applied that it will be

reasonably permanent. Uniformity of position of the seal

on-similar types ofequipment is also desirable as a further--
aid to the public.

The official will need more than one form of seal to meet

the requirements of different kinds of equipment. Good
quality, weather-resistant, water-adbesive, or pres-

sure-sensitive seals or decalcomania seals are recornmended

for fabric-measuring devices, liquid-measuring devices,

taximeters, and most scales, because of thoir permanence

and good appearance. Steel stamps are most suitable for
liquid and dr¡r measures, for some types of linear measures,

and for weights. An etched seal, applied with suitable
etching ink, is excellent for steel tapes, and greatþ
preferable to a seal applied with a steel stamp. The only
practicable seal for a graduate is one marked with a

diamond or ca¡bide pencil, or one etched with
glass-marking ink. For a vehicle tank, the official may wish

to devise a relatively large seal, perhaps of metal, with
provision for stamping data relative to comparfrnent

capacities, the whole to be welded or otherwise
permanently attached to the shell of the tank. In general,

the lead-and-wi¡e seal is not suitable as an approval seal.

9.2. Exceptions. - Commercial equipment such as

measure-containers, milk bottles, and lubricating-oil bottles
are not tested individually because of the time element
involved. Because manufacturing processes for these items

are closely controlled, an essentially uniform product is

produced by each manufacturer. The official normally tests

samples of these items prior to their sale within his
jurisdiction and subsequently makes spot checks by testing

samples selected at random from new stocks.

A-6



Another exception to the general rule for seali¡g approved
equipment is found in certain very small weights whose size
precludes satisfactory stamping with a steel die.

10. Rounding Off Numerical Values

10.1. Definition. - To round off or round a numerical value
is to change the value of recorded digits to some other value
considered more desirable for the purpose at hand by
dropping or changing certain figures. For example, if a
computed, observed, or accumulated value is 4738, this can
be rounded offto the nearest thousand, hundred, or ten, as
desired. Such rounded-offvalues would be, respectively,
5000, 4700,4740. Similarþ, a value such as 47.382 can be
rounded offto two decimal places, to one decimal place, or
to the units place. The rounded-off figures in this example
would be, respectively, 47 .38,47 -4,47 .

10.2. General Rules. - The general rules for rounding off
may be stated briefly as follows:

a. lVhen the figure next beyond the last figure or place
to be retained is less than 5, the figure in the last
place retained is to be kept unchanged. When
rounding off 4ß8 to the nearest hundred, it is noted
that the figure 3 (next beyond the last figure to be
retained) is less than 5. Thus the rounded-off value
would be 4700. Likewise, 47.382 rounded to two
decimal places becomes 47.38.

b. When the figure next beyond the last figure or place
to be retained is greater than 5, the figure in the last
place retained is to be increased by l. When
rounding off 4738 to the nearest thousand, it is
noted that the figure 7 (next beyond the last figure to
be retained) is greater than 5. Thus the rounded-off
value would be 5000. Likewise, 47.382 rounded to
one decimal place becomes 47.4.

c. When the figure next beyond the last figure to be
retained is 5 followed by any figures other than
zero(s), treat as in (b) above; that is, the figure in
the lastplace retained is to be increased by 1. When
rounding off 4501 to the nearest thousand, I is
added to the thousands figure and the result becomes
5000.

d. When the figure next beyond the last figure to be
retained is 5 and there are no figures, or only zeros,
beyond this 5, the figure in the last place to be
retained is to be left unchanged if it is even (0,2, 4,
6, or 8) and is ro be increased by I ifit is odd (1, 3,
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5,7, or 9). This is the odd and even rule, and may
be stated as follows: "If odd, then add." Thus,
rounding off to the first decimal place, 47.25
would become 47.2 and,47.15 would become
47.2. Also,rounded to the nearest thousand, 4 500
would become 4000 and 1500 would become
2000.

It is important to remember that, when there are two or
more figwes to the right of the place where the last
significant figure of the fural result is to be, the enti¡e series
of such figures must be rounded off in one step and not in
two or more successive rounding steps. [Expressed
differentþ, when two or more such frgures are involved,
these are not to be rounded off individually, but are to be
rounded offas a group.] Thus, when rounding off 47.3499
to the first decimal place, the result becomes 47.3. In
arriving at this result, the fig¡¡1es 'la99il 1¡ç_ !ea!g_d qp a
group. Since the 4 nextbeyond the last figure to be retained
is less than 5, the "499" is dropped (see subparagraph (a)
above). It would be incorrect to round off these figures
successively to the left so ttrat 47.3499 would become
47.350 and then 47.35 and.then47.4.

10.3. Rules for Reading of Indications. - An important
aspect of rounding off values is the application of these

rules to the readirg of indications of an in-
dicator-and-graduated-scale combination (where the
majority of the indications may be expected to lie some-
where between two graduations) if it is desired to read or
record values only to the nearest graduation. Consider a
vertical graduated scale and an indicator. Obviously, if the
indicator is between two graduations but is closer to one
graduation than it is to the other adjacent graduation, the
value of the closer graduation is the one to be read or
recorded.

In the case where, as nearly as can be determined" the
indicator is midway between two graduations, the
odd-and-even rule is invoked, and the value to be read or
recorded is that ofthe graduation whose value is even. For
example, if the indicator lies exactly midway between two
graduations having values of471 and 472, respectively, the
indication should be read or recorded as 472, this þsi¡g ¿1¡

even value. If midway between graduations having values
of 474 ar¡ld 475, the even value 474 should be read or
recorded. Similarþ, if the two graduations involved had
values of 47 0 and 47 5, the even value of 470 should be read
or recorded.

A special case not covered by the foregoing paragraph is
that ofa graduated scale in which successive graduations
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are numbered by two's, all gráduations thùs having eVen

values; for example, 470, 472,474, etc. When, in this case,

an indication lies midway between two graduations, the

recommended procedure is to depart from the practice of
reading or recording only to the value of the nearest

graduation and to read or record the intermediate odd value.

For example, an indication midway between 470 and 472

should be read as 471.

10.4. Rules for Common Fractions. - When applying the

rounding-off rules to common fractions, the principles are

to be applied to ihe numerators of the fractions that have, if
necessary, been reduced to a common denominator. The

principle of "5s" is changed to the one-half principle; that

is, add if more than one-half, drop if less than one-half, and

apply the odd-and even rule if exactly one-half.

For example, a sçri,e-$ -o-f valugs might be l-1132, l-2132,

1,-3132, l-4132, l-5132, l-6132, l-7132, l-8/32, l-9132'

Assume that these values are to be rounded off to the

nearest eighth (4/32). Then,

l-1132 becomes L. (1132 is less than half of 4/32 al;.d

accordingly is dropped.)

l-2l32becomes l. (2132 is exactly one-half of 4/32; it is

dropped because it is round (down) to the "even" eighth,

which in this instance is 0/8.)

l-3l32 becomes 14132 or 1-l/8' (3/32 is more than half
of 4l32,andaccordingly is rounded "up" to 4132 or ll8).

l4l32remzinsunchanged, being an exact eighth (1-118).

1-5/32 becomes 14132 or 1-1/8. (5/32 is l/32 more than

an exact ll8; l/32 is less than half of 4132 arrd

accordingly is dropped.)

1-6132 become s I-218 or l-114. (6132 is 2132 morc than

an exact ll8; 2132 is exactly one-half of 4132, and the

final fraction is rounded (up) to the "even" eighth, which

in this instance is 2/8.)

l-7l3}becomes l-218 ot l-114. (7132 is 3/32 more than

an exact Il8: 3132 is more than one-half of 4/32 and

accordingly the final fraction is rounded (up) to 2/8 or

r/4.)

L-8132 remains unchanged, being an exact eighth (l-2l8
or I-114.)

'l-gl3zbecomes 1-218 or l'114. (9132 is ll32 msre than

an exact ll8; ll32 is less than half of 4/32 and

accordingly is dropped.)
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1. Introduction

The National Instihrte of Standards and Technology (NIST)
(formerly the National Bureau of Standards) was established
by act ofCongress in 1901 to serve as a national scientific
laboratory in the physical sciences and to provide
fundamental measurement standards for science and
industry. In carrying out these related functions the Institute
conducts research and development in many fields of
physics, mathematics, chemistry, and engineering. At the
time of its founding, the Institute had custody of two
primary standards-the meter bar for length and the kilogram
cylinder for mass. With the phenomenal growth of science
and technology over the past half century, the Institute has
become a major research institution concemed not only with
everyday weights and measures, but also with hundreds of
other scientifrc and engineering standards that are necessary
to the industrial progress of the Nation. Nevertheless, the
country still looks to NIST for information on the units of
measurement, particularly their definitions and equivalents.

The subject of measurement systems and units can be
teated from several different standpoints. Scientists and
engineers are interested in the methods by which precision
measurements are made; State weights and measures
officials are concerned with laws and regulations that assure
equity in the markeþlace and protect public health and
safety and with methods for veriffing commercial weighing
and measuring devices. But a vastly larger group of people
is inte¡ested in some general knowledge of the origin and
development of measurement systems, of the present status
of units and standards, and of miscellaneous facts that will
be useful in everyday life. This material has been prepared
to supply that information on measurement systems and
units that experience has shown to be the common subject
of inquþ.

2. Units and Systems of Measurement

The expression "weights and measures" is often used to
refer to measurements of length, mass, and capacity or
volume, thus excluding such quantities as electrical and
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time measurements and thermometry. This section on units
and measurement systems presents some fundamental infor-
mation to clarify the concepts of this subject and to elimi-
nate erroneous and misleadins use of terms.

It is essential that the ¿istirr"tilo befween the terms "units"
and "standards" be established and kept in mind.

A unit is a special quantity in terms of which other quanti-
ties are expressed. In general, a unit is frxed by definition
and is independent of such physical conditions.,as tem-
perahue. Examples: the meter, the liter, the granq the yard,
the pound, the gallon.

A standard is a physical realization or representation of a

unit. In general, it is not entirely independent of physical
conditions, and it is a representation ofthe unit only under
specifred conditions. For example, a meter standard has a

length of I meter when at some definite temperature and

supported in a certain manner. If supported in a different
marìner, it might have to be at a different temperature in
order to have a length of I meter.

2.1. Origin and Early History of Units and Standards.

2.1.1. General Survey of Early Ilistory of Measure-
ment Systems . - rtreights and measures were among the
earliest tools invented by man. Primitive societies

needed rudimentary measures for many tasks:
constructing dwellings of an appropriate size and shape,

fashioning clothing, or bartering food or raw materials.

Man understandably tumed frst to parts of the body and

the natural surroundings for measuring instruments.
Early Babylonian and Egyptian records and the Bible
indicate that length was fust measured with the forearm,
hand, or finger and that time ïvas measured by the
periods of the sun, moon, and other heavenly bodies.
When it was necessary to compare the capacities of
containers such as gourds or clay or metal vessels, they
were filled with plant seeds which were then counted to
measure the volumes. When means for weighing were
invented, seeds and stones served as standards. For
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instance, the "carat," still used as a unit for gems, was

derived from the carob seed.

Our present knowledge of early weights and measures

comes from many sources. Some rather early standards

have been recovered by archaeologists and preserved in
museums. The comparison of the dimensions of
buildings with the descriptions of contemporary writers
is another source of information. An interesting example
of this is the comparison of the dimensions of the G¡eek
Partheuon with the description given by Plutarch from
which a fairly accurate idea of the size of the Attic foot
is obtained. In some cases, we have only plausible
theories and we must sometimes decide on the

interpretation to be given to the evidence.

For example, does the fact that the length of the

doub!ç:çuþi! g_1ga¡ly_Babylgnia was equal (within two
parts per thousand) to the length of the seconds

pendulum at Babylon indicate a scientific knowledge of
the pendulum at a very early date, or do we merely have

a curious coincidence? By studying the evidence given
by all available sources, andby correlating the relevant
facts, we obtain some idea of the origin and development
of the units. We furd that they have changed more or less

gradually with the passing of time in a complex manner
because of a great variety ofmodifying influences. We
find the units modified and grouped into measurement

systems: The Babylonian systern, the Egyptian system,

the Phileterian system of the Ptolemaic age, the Olympic
system of Greece, the Roman system, and the British
systenL to mention only a few.

2.1.2. Origin and Development of Some Common
Customary Units. - The origin and development of units
of measurement has been investigated in considerable
detail and a number of books have been written on the
subject. It is only possible to give here somewhat
sketchily the story about a few units.

Units of length: The cubit was the fust recorded unit
used by ancient peoples to measure length. There were
several cubits of different magnitudes that were used.

The common cubit was the length of the forearm from
ttre elbow to the tip of the middle finger. It was divided
into the span of the hand (one-half cubit), the palm or
width of the hand (one sixth), and the digit or width of a
frrger (one twenty-fourth). The Royal or Sacred Cubit,
which was 7 palms or 28 digits long, was used in
constructing buildings and monuments and in surveying.

The ìnch, foot, and ya4! evolved from these units through

a complicated transformation not yet fully understood.

Some believe they evolved from cubic measures; others

believe they were simple proportions or multiples of the

cubit. ln any case, the foot was inherited from the Egyp-

tians by the Greeks and Romans. The Roman foot was

divided into both 12 unciae (inches) and 16 digits. The

Romans also intoduced the mile of 1000 paces or double

steps, the pace being equal to 5 Roman feet. The Roman

mile of 5000 feet was introduced into England during the

occupation. Queen Elizabeth, who reigned from 1558 to

1603, changed, by statute, the mile to 5280 feet or 8 fur-
longs, a furlong being 40 rods of 5-l/2 yards each.

The introduction of the use of the ya¡d as a unit of length

came later, but its origin is not defmitely known. Some

believe the origin is the double cubit, others believe that

it originated from cubic measure. Regardless of_its

origin, the early yard was divided by the binary system

into 2, 4, 8, and 16 parts called the halÊyard, span,

finger, and nail. The association of the yard with the

"gird" or circumference of a person's waist or with the

distance fromthe tip of the nose to the end of the thumb

of Henry I are probably standardizing actions, since

several yards were in use in Great Britain.

The pqin!, which is a unit for measuring print type, is

recent. It originated with Pierre Simon Fourniet tn1737 .

It was modified and developed by the Didot brothers,

Francois Ambroise and Pierre Francois, in 1755. The

point was fi¡st used in the United States in 1878 by a
Chicago type foundry (Marder, Luse, and Company).

Since 1886, a point has been exactly 0.3514598

millimeters, or about ll72nch.

Units of mass: The grain was the earliest unit of mass

and is the smallest unit in the apothecary, avoirdupois,

Tower, and Troy systems. The early unit was a grain of
wheat or barleycom used to weigh the precious metals

silver and gold. Larger units preserved in stone standards

were developed that were used as both units of mass and

of monetary currency. The pund was derived from the

mina used by ancient civilizations. A smaller unit was

the shekel, and a larger unit was the talent. The magni-

tude of these units varied from place to place. The

Babylonians and Sumerians had a system in which there

were 60 shekels in a mina and 60 minas in a talent. The

Roman talent consisted of 100 libra (pound) which were

smaller in magnitude than the mina. The Troy pound

used in England and the United States for monetary
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purposes, like the Roman pound, was dividécl into
12 ounces, but the Roman uncia (ounce) was smaller. The
carat is a unit for measuring gemstones that had its origin in
the carob seed, which later was standardized at l/144 ounce
and then 0.2 gram.

Goods of commerce were originally traded by number or
volume. When weighing of goods began, units of mass
based on a volume of grain or water were developed.
For example, the talent in some places was
approximately equal to the mass of one cubic foot of
water. Was this a coincidence or by design? The diverse
magnitudes of units having the same name, which still
appear today in our dry and liquid measures, could have
arisen from the various commodities traded. The larger
avoirdupois pound for goods of commerce might have
been based on volume of water which has a higher bulk
denqity fhan grain. For gxample, lhe Egyptian hon was
a volume unit about 11 percent larger than a cubic palm
and corresponded to one mina of water. It was almost
identical in volume to the present U.S. pint.

The stone, quarter, hundredweight, and ton are larger
units of mass still used in Great Britain. The present
stone is 14 pounds, but an earlier unit appears to have
been 16 pounds. The other units are multiples of 2,8,
and 160 times the stone, or 28 ll2, and2240 pounds.
The hundredweight is approximately equal to 2 talents.
In the United States the ton of 2240 pounds is known as

the long ton. The short ton is equal to 2000 pounds.

Units of time and angle: The division of the circle into
360 degrees and the day into hours, minutes, and seconds
can be haced to the Babylonians who had a sexagesimal
system of numbers. The 360 degrees may have been
related to a year of360 days.

2.2. The Metric System.

2.2.1. Delinition, Origin, and Development. - Metric
systems of units have evolved since the adoption of the
fi¡st well defined system in France :ui.l7gl. During this
evolution the use of these systems spread throughout the
world, fust to the non-English speaking countries, and
more recently to the English speaking counhies. The
first metric system was based on the centimeter, gram,
and second (cgs) and these units were particularly
convenient in science and technology. Later metric
systems were based on the meter, kilogram, and second
(mks) to improve the value of the units for practical
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applications. The present metric system is the
International System (SI) ofunits; it is also based on the
meter, kilogram and second as well as additional base

units for temperature, electricity, radiation, and the
quantity of substance that enters into chemical reactions.
the International System of units is often called the

modernized metric system.

The adoption of the system in France was slow, but its
desirability as an intemational system was recognized by
geodesists and others. On May 20,1875, an international
teaty known as the International Mehic Convention or
the Treaty of the Meter was signed by 17 countries
including the United States. This treaty established the

following organizations to conduct intemational activities
relating to a uniform system for measurements:

l) The General-Conference on Weights and Measures
(French initials: CGPM), an intergovernmental
conference of official delegates of member nations
and the supreme authority for all actions;

2) The International Committee of Weights and Mea-
sures (French initials: CIPM), consisting of selected
scientists and metologists, which prepares and
executes the decisions of the CGPM and is respon-
sible for the supervision of the International Bureau
of Weights and Measures;

3) The International Bureau of Weights and Measures
(French initials: BIPM), a permanent laboratory and
world center of scientific metrology, the activities of
which include the establishment of the basic stan-
dards and scales of the principal physical quantities
and maintenance of the international prototype
standards.

The National Institute of Standards and Technology
provides official United States representation in tÌrese
organizations. The CGPM; the CIPM, and the BIPM
have been major factors in the continuing refinement of
the metric system on a scientific basis and in the evolu-
tion of the Intemational System of Units.

Multiples and submultþles of metic units are related by
powers of ten. This relationship is compatible with the
decimal system of numbers and it contributes greatly to
the convenience of metric units.
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2.2.2.lnternational System of Units. - At the end of
World War II, a number of different systems of mea-

surement still existed throughout the world. Some of
these systems were variations of the metric system, and

others were based on the customary inch-pound system

of the English-speaking countries. It was recognized that
additional steps were needed to promote a worldwide
measurement system. As a result, in 1948, the 9th
General Conference on Weighs and Measures asked the

International Committee of Weights and Measures to
conduct an intemational snrdy of the measurement needs

of the scientific, technical, and educational communities.
On the basis of the findings of this study, the 10th

General Conference in 1954 decided that an intemational
system should be derived from six base units in order to
provide for the measurement of temperature and optical
radiation in addition to mechanical and electromagnetic
quantities. Thç six base units. reçommended were the.

meter, kilogram, second, ampere, Kelvin degree (which
later was renamed the kelvin), and the candela.

In 1960, the llth General Conference of V/eights and

Measures named the system based on the six base quan-

tities the International System of Units. The generally

adopted abbreviation, SI, is taken from the French name:

Le Système Intemational DUnités. The SI metric system

ís now either obligatory or permissible throughout the

world.

2.2.3. Units and Standards of the Metric System. - In
the early metric system there were two fundamental or
base units, the meter and the kilogram, for length and

mass. The other units of length and mass, as well as all
units of area, volume, and compound units such as densi-

ty were derived from these two fundamental units.

The meter was originally intended to be I ten-millionth
part of a meridional quadrant of the earth. The Meter of
the Archives, the platinum length standard which was the

standard for most of the 19th cenrury, at first was

supposed to be exactly this fractional part of the

quadrant. More refined measurements over the earth's

surface showed that this supposition was not correct. In
1889, a new international metric standard of length, the

Intemational Prototype Meter, a graduated line standard

of platinum-iridiurr¡ was selected from a group of bars

because it was found by precise measurements to have

the same length as the Meter of the Archives. The meter
was then defined as the distance under specified
conditions between the lines on the International

Protôtype Meter without refêrence to any measurements

of the earth or to the Meter of the Archives, which it
superseded. Advances in science and technology have

made it possible to improve the definition of the meter

and reduce the uncertainties associated with artifacts.

From 1960 to 1983, the meter was defured as the length

equal to | 650 763.73 wavelengths in vacuum of the

radiation corresponding to the transition between the

specified energy levels of the krypton 86 atom. Since

1983 the meter has been defined as the length of the path

traveled by light in a vacuum during a time interval of
11299 792 458 of a second.

The kilogram, previously defined as the mass of one

cubic decimeter of water at the temperature of maximum

density, was known as the Kilogram of the Archives' It
wag replaced after the International Metic Convention in
1875 by thc Infemational Prototype Kilogram wbich
became the unit of mass without reference to the mass of
a cubic decimeter of water or to the Kilogram of the

Archives. Each of the countries that subscribed to the

International Metric Convention was assigned one or

more copies of the intemational standards; these are

known as National Prototype Meters and Kilograms.

The liter is a unit of capacity or volume. In 1964, the

l2th General Conference on Weights and Measures rede-

fured the liter as being one cubic decimeter. By its previ-

ous definition as being the volume occupied, under

standard conditions, by a quantity of pure water having
a mass of 1 kilogran¡'the liter was larger than the cubic

decimeter by 28 parts per I 000 000; except for
determinations of high precision, this difference is so

small as to be of no consequence.

The modernized metric system (SI) includes three classes

of units:

base units for length, mass, time, temperature,

electricity, radiation and amount of substance;

supplementary units for plane angle and solid
angle; and

derived units for all other quantities (e.g., work,
force, power) expressed in terms of the nine

base units and supplementary units.

For details, see NIST Special Publication 330 (1991),

The International System of Units (SI) and NIST Special
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Publication 811, Guide for the Use of the International
System of Units (available from the Superintendent of
Documents, U.S. Govemment Printing Office, Washington,
DC 20402).

2.2.4. The International Bureau of Weights and Mea-
sures. - The International Bureau of Weights and Mea-
sures was established at Sèvres, a suburb ofParis, France,
in accordance with the International Metric Convention
of May 20, 1875. At the Bureau there are kept rhe
International Prototype Kilograrrq many secondary
standards, and equipment for comparing standards and
making precision measurements. The Bureau, funded by
assessment of the signatory govenrments, is truly intema-
tional. In recent years the scope of the work at the
Intemational Bureau has been considerably broadened.
It now carries on researches in the fields of electricity,
photomety and radiomety,.ionizing radiations, and time
and frequency in addition to its work in mass, lengtlr" and
thermometry.

2.2.5. Present Status of the Metric System in the
United States. - The use of the mehic system in this
country was legalized by Act of Congress in 1866, but
was not made obligatory then or since.

Following the signing of the Convention of the Meter in
1875, the United States aquired national prototype
standards for the meter and the kilogram. U.S. Prototype
KilogramNo. 20 continues to be the primary standard for
mass in the United States; it is recalibrated from time to
time at BIPM. The prototype meter has been replaced by
modern stabilized lasers in accordance with the most
recent definition of the meter.

From 1893 until 1959, the yard was defined as being
equal exactly to 3 600i3 937 meter. In 1959, a small
change was made in the defurition of the yard to resolve
discrepancies both in this county and abroad. Since
1959, the yard is defined as being equal exactly to 0.9L44
meter; the new yard is shorter than the old yard by
exactly two parts in a million. At the same time, it was
decided that any data expressed in feet derived from
geodefic surveys within the United States would continue
to bear the relationship as defined in 1893 (one foot
equals | 200/3 937 meter). This foot is called the U.S.
survey foot, while the foot defined in 1959 is called the
international foot. Measurements expressed in U.S.
statute miles, survey feet, rods, chains, links, or the
squares thereof and also acres should tlerefore be
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converted to the corresponding metric values by using
pre-1959 conversion factors if more than five significant
fïgure accuracy is involved.

Since 1970, actions have been taken to encourage the use

of metric units of measurement in the United States. A
brief summary of acfions by Congress is provided below
as reported in the Federal Register Notice dated
December 20, 1990.

Section 403 of Public Law 93-380, the Education
Amendment of 1974, states that it is the policy of the

United States to encourage educational agencies and
institutions to prepare students to use the metric system
of measurement as part of the regular education program.
Under both this act and the Metric Conversion Act of
1975, the "metric system of measurement" is defined as

the International System of Units as established in-1960-
by the General Conference on Weights and Measures and

interpreted or modified for the United States by the

Secretary of Commerce (sec.4(4), Pub. L. 94-168; sec.

403(a)(3), Pub. L. 93-380). The Secretary has delegated
authority under these subsections to the Director of the
National Institute of Standards and Technology.

Section 5164 of Fublic Law 100-418, the Omnibus Trade
and Competitiveness Act of 1988, amends Public Law
94-168, The Metric Conversion Act of 1975. Ix
particular, section 3 of ttre latter act is amended to read as

follows:

"Sec. 3. It is therefore the declared policy of the
United States-

"(l) to designate the metric system of measurement
as the preferred system of weights and measures for
United States trade and commerce;

"(2) to require that each Federal agency, by a date

certain and to the extent economically feasible by
the end of the fiscal year 1992, use the metric system
of measurement in its procurements, grants, and
other business-related activities, except to the extent
that such use is impractical or is likely to cause
significant inefficiencies or loss of markets to U.S.
frrms, such as when foreign competitors are
producing competing products in non-metric units;

"(3) to seek ways to increase understanding of the
metric system of measurement through educational
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information and guidance and in Government
publications; and

"(4) to permit the continued use of traditional
systems of weights and measures in nonbusiness

activities."

The most recent revision of the Code of Federal Regulations

makes the use of metic units mandatory for agencies of the

Federal Govemment. (Federal Register, Vol. 56, No. 23,

page 160, January 2,1991.)

2.3. British and United States Systems of Measure-
ment. - In the past, the customary system of weights and

measures in the British Commonwealth countries and that
in the United States were very similar; however, the SI
metric system is now the official system of units in the

United Kingdorr¡.-while the customary units are still
predominantþ used in the United States. Because

references to the units of the old British customary system

are still found, the following discussion describes the

differences between the U.S. and British customary systems

of units.

After 1959, the U.S. and the British inch were defined
identically for scientific work and were identical in
commercial usage. A similar situation existed for the U.S.

and the British pound, and many relationships, such as 12

inches : I foot, 3 feet : I yard, and 1760 yards : I
international mile, were the same in both counties; but
there were some very important differences.

In the fust place, the U.S. customary bushel and the U.S.
gallon, and their subdivisions differed from the

corresponding British Imperial units. Also the British ton
is2240 pounds, whereas the ton generally used in the Unit-
ed States is the short ton of 2000 pounds. The American
colonists adopted the English wine gallon of 231 cubic
inches. The English of that period used this wine gallon and

they also had another gallon, the ale gallon of 282 cubic
inches. ln 1824, these two gallons were abandoned by the

British when they adopted the British Imperial gallon,
which is defrned as the volume of l0 pounds of water, at a

temperature of 62 'F, which, by calculation, is equivalent to
277.42 cubic inches. At the same time. the bushel was

redefined as 8 gallons.

In the customary British system the units of dry measure are

the same as those of liquid measure. In the United States

these two are not the same, the gallon and its subdivisions

are used in the measurement of liquids; the bushel, with its
subdivisions, is used in the measurement of certain dry

commodities. The U.S. gallon is divided into 4 liquid quarts

and the U.S. bushel into 32 dry quarts. All the units of
capacity or volume mentioned thus far are larger in the

customary British system than in the U.S. system. But the

British fluid ounce is smaller than the U.S. fluid ounce,

because the British quart is divided into 40 fluid ounces

whereas the U.S. quart is divided into 32 fluid ounces.

From the foregoing it is seen that in the customary British
system an avoirdupois ounce of water at 62 "F has a volume

of I fluid ounce, because 10 pounds is equivalent to 160

avoirdupois ounces, and I gallon is equivalent to 4 quarts,

or 160 fluid ounces. This convenient relation does not exist

in the U.S. system because a U.S. gallon of water at 62 "F
weighs about 8-1/3 pounds, or 133-1/3 avoirdupois ounces,

and the. U.S. g-allon is equivalent -to 4-x 32' or 128 fluid"
ounces.

I U.S. fluidounce : l.04l Britishfluidounces
I British fluid ounce :0.961 U.S' fluid ounce

I U.S. gallon :0.833 British Imperial gallon

I British Imperial gallon : 1.201 U.S. gallons

Among other differences between the customary British and

the United States measurement systems , it should be noted

that the use of the troy pound was abolished in England

January 6,1879, only the troy ounce and its subdivisions

being retained, whereas the troy pound is still legal in the

United States, although it is not now greatly used. The

coÍrmon use in England of the stone of 14 pounds should be

mentioned this being a unit now unused in the United

States, although its influence lvas shown in the practice until
V/orld War II of selling flour by the barrel of 196 pounds

(14 stones). In the apothecaries system of liquid measure

the British insert a unig the fluid scruple, equal to one third
of a fluid drachm (spelled dram in the United States)

between their minim and their fluid drachm. In ttre United

States, the general practice now is to sell dry commodities,

such as fruits and vegetables, by their mass.

2.4. Subdivision of Units. - In general, units are subdi-

vided by one of three systems: (a) decimal, that is into

tenths; (b) duodecimal, into twelfths; or (c) binary, into
halves. Usually the subdivision is continued by the use of
the same system. Each method has its advantages for
certain purposes, and it cannot properly be said that any one

method is "best" unless the use to which the unit and its

subdivisions are to be put is known.
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For êxample, if we are concerned only with measurements
of length to moderate precision, it is convenient to measure
and to express these lengths in feet, inches, and binary
fractions of an inch, thus 9 feet 4-318 inches. However, if
these measured lengths are to be subsequently used in
calculations of area or volume, that method of subdivision
at once becomes extremely inconvenient. For that reason,
civil engineers, who are concerned wittr areas of land,
volumes of cuts, fills, excavations, etc., instead of dividing
the foot into inches and binary subdivisions of the inch,
divide it decimally; that is, into tenths, hundredths, and
thousandths of a foot.

The method of subdivision of a unit is thus largely made on
the basis of convenience to the user. The fact that units
have commonly been sub divided into certain subunits for
centuries does not preclude thei¡ also having another mode
of subdivision in some frequently used cases where
convenience indicates the value of such other method.
Thus, the gallon is usually subdivided into quarts and pints,
but the majority of gasoline-measuring pumps of the
price-computing type are graduated to show tenths of a
gallon.

Although the mile has for centuries been divided into rods,
yards, feet, and inches, the odometer part of an automobile
speedometer indicates tenths of a mile. Although our dollar
is divided into 100 parts, we habinrally use and speak of
halves and quarters. An illustation of rather complex
subdividing is found on the scales used by draftsmen.
These scales are of two types: (a) architects, which are
commonly graduated with scales in which 3/32,3116,ll8,
l/4, 3/8, l/2, 3/4, l, l-l/2, and 3 inches, respectively,
represent I foot full scale, as well as having a scale
graduated in the usual manner to l/16 inch; and (b)
engineers, which are commonly subdivided to 10, 20, 30,
40, 50, and 60 parts to the inch.

The dictum ofconvenience applies not only to subdivisions
of a unit but also to multiples of a unit. Elevations of land
ahove sea level are given in feet even though the height may
be several miles; the height of aircraft above sea level as

given by an altimeter is likewise given in feet, no matter
how high it may be.

On the other hand, machinists, toolmakers, gauge makers,
scientists, and others who are engaged in precision
measuremeuts of relatively small distances, even though
concemed with measurements of length only, find it
convenient to use the inch. instead of the tenth of a foot. but
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to divide the inch decimally to tenths, hundredths,
thousandths, etc., even down to millionths of an inch.
Verniers, micrometers, and other precision measuring
instuments are usually graduated in this manner. Machinist
scales are commonly graduated decimally along one edge
and are also graduated along another edge to binary
fractions as small as 1164 inch. The scales with binary frac-
tions are used only for relatively rough measurements.

It is seldom convenient or advisable to use binary subdi-
visions of the inch that are smaller than1164. Infact, l/32-,
l/16-, or l/8-inch subdivisions are usually preferable for use

on a scale to be read with the unaided eye.

2.5. Arithmetical Systems of Numbers. - The subdivision
of units of measurement is closely associated with
arithmetical systems of numbers. The systems of units
used in this counbry for commercial and scientifrc worþ-
having many origins as has already been shown, nahrrally
show traces of the various number systems associated with
their origins and developments. Thus, (a) the binary sub-
division has come down to us from the Hindus, (b) the
duodecimal system of fractions from the Romans, (c) the
decimal system from the Chinese and Egyptians, some
developments having been made by the Hindus, and (d) the
sexagesimal system (division by 60) now illustrated in the
subdivision of units of angle and of time, from the ancient
Babylonians. The use of decimal numbers in measurcments
is becoming the standard practice.

3. standards of 
"iTTTl,His, 

and capacity

3.1. Standards of Length. - The meter, which is defrned in
terms of the speed of light in vacuum, is the unit on which
all length measurements are based.

The yard is definedt as follows:

I yard:0.914 4 meter

and the inch is exactly equal to 25.4 millimeters.

3.1.1. Calibration of Length Standards. - NIST
calibrates standards of length including meter bars, yard
bars, miscellaneous precision line standards, steel tapes,

I See Federal Register for July l, 1959. See also next to last
paragraph of 2.2.5.
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invar geodetic tapes, precision gauge blocks, micrometers,
and limit gauges. It also measures the linear dimensions of
miscellaneous apparatus such as penetration needles, ce-

ment sieves, and hemacytometer chambers. In general,

NIST accepts for calibration only apparatus of such mate-
rial, design, and construction as to ensure accuracy and

permanence sufficient to justify calibration by the Institute.
Calibrations are made in accordance with fee schedules,

copies of which may be obtained by application to NIST.

NIST does not calibrate carpenters rules, machinists
scales, draftsman scales, and the like. Such apparatus, if
calibration is required, should be submitted to State or

local weights and measures officials.

3.2. Standards of Mass. - The primary standard of mass

for this country is United States Prototype Kilogram 20,

which is-a-platinu,rn-iridiurn eylinder -kept at NIST. :Ihe

value of this mass standard is known in terms of the

International Prototype Kilogram, a platinum-iridium
standard which is kept at the International Bureau of
Weights and Measures.

In colonial times the British standards were considered to be

the primary standards of the United States. Later, the U.S.
avoirdupois pound was defined in terms of the Troy Pound
of the Mint, which is a brass standard kept at the United
States Mint in Philadelphia. I-n 19l l, the Troy Pound of the

Mint was superseded, for coinage purposes, by the Troy
Pound of the Institute.

The avoirdupois pound is defined in terms of the kilogram
by the relation:

1 avoirdupois pound: 0.453 592 37 kilogram.z

These changes in definition have not made any appreciable

change in the value of the pound.

The grain is l/7 000 of the avoirdupois pound and is

identical in the avoirdupois, toy, and apothecaries systems.

The troy ounce and the apothecaries ounce differ from the

avoirdupois ounce but are equal to each other, and equal to
480 grains. The avoirdupois ounce is equal to 437 l/2
grains.

3.2.1. Mass and Weight. - The mass of a body is a

measure of its inertial properfy or the amount of matter

it contains. The weight of a body is a measure of the

force exerted on it by gravity or the force needed to

support it. Gravity on earth gives a body a downward

acceleration of about 9.8 m/s2. (In common parlance,

weight is often used as a slmonym for mass as in weights

and measures.) The inconect use of weight in place of
mass should be phased out, and the term mass used when

mass is meant.

Standards of mass are ordinarily calibrated by com-
parison to a reference standard ofmass. Iftwo objects

are comp¿ued on a balance and give the same balance

indication, they have the same "mass" (excluding the

effect ofair buoyancy). The forces ofgravþ on the two
objects are balanced. Even though the value of the

acceleration of gravify, g, is different from location to
location, because the two objects of equal rnass in the

same location (where both masses are acted upon by the

same g) will be affected in the same manner and by the

same ¿unount by any change in the value of g, the two
objects will balance each other under any value of g.

However, on a spring balance the mass of a body is not

balanced against the mass of another body. Instead, the

gravitational force on the body is balanced by the

restoring force ofa spring. Therefore, ifa very sensitive
spring balance is used, the indicated mass of the body
would be found to change if the spring balance and the

body were moved from one locality to another locality
with a different acceleration of gravity. But a spring bal-

ance is usually used in one locality and is adjusted or
calibrated to indicate mass at that locality.

3.2.2. Eflect of Air Buoyancy. - Another point that

must be taken into account in the calibration and use of
standards of mass is the buoyancy or lifting effect of the

air. A body immersed in any fluid is buoyed up by a
force equal to the force ofgravity on the displaced fluid.
Two bodies of equal mass, if placed one on each pan of
an equal-arm balance, will balance each other in a

vacuum. A comparison in a vacuum against a known
mass standard gives "true mass." [f compared in air,

however, they will not balance each other unless they are

of equal volume. If of unequal volume, the larger body

will displace the greater volume of ai¡ and will be buoyed

up by a greater force than will the smaller body, and the

larger body will appear to be of less mass than the small-

er body.
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The greater the difference in volume, and the grêater the
density of the ai¡ in which the comparison weighing is
made, the greater will be the apparent difference in
mass. For that reason, in assiguing a precise numerical
value of mass to a standard, it is necessary to base this
value on definite values for the air density and the
density of the mass standard of reference.

The apparent mass of an object is equal to the mass of
just enough reference material of a specified density (at
20 'C) that will produce a balance reading equal to that
produced by the object if the measurements are done in
air with a densify of 1.2 mg/crÊ at20 "C. The original
basis for reporting apparent mass is apparent mass versus
brass. The apparent mass versus a densify of 8.0 g/cm3
is the more recent definition, and is used extensively
throughout the world. The use of apparent mass versus

$.Q_g/cm3 is encouraged over_ 4pp4rent mass versus
brass. The difference in these apparent mass systems is
insignifrcant in most commercial weighing applications.

A full discussion of this topic is given in NIST
Monograph 133, Mass and Mass Values, by Paul E.
Pontius [for sale by the National Tecbnical Information
Service, 5285 Port Royal Road, Springfield, VA2216l
(coM 74s0309).1

3.2.3. Calibrations of Standards of Mass. - Standards
of mass regularly used in ordinary hade should be tested
by State or local weights and measures officials. NIST
calibrates mass standards submitted, but it does not
manufacture or sell them. Information regarding the
mass calibration service of NIST and the regulations
governing the submission of standards of mass to NIST
for calibration are contained in NIST Special Publication
250, Callbration and Related Measurement Services of
NIST, latest edition.

3.3. Standards of Capacity. - Units of capacity or volume,
béing derived units, are in this county defined in terms of
linear units. Laboratory standards have been constructed
and are maintained at NIST. These have validity only by
calibration with reference either directly or indirectly to the
linear standards. Similarly, standards of capacity have been
made and distributed to the several States. Other standards
of capacity have been verified by calibration for a wide
variety of uses in science, technology, and commerce.

3.3.1. Calibrations of Standards of Capacity. - Cali-
brations are made by NIST on capacity or volume
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standards that are in the customary units of trade; that is,

the gallon, its multiples, and submultiples, or in metic
units. Furthermore, NIST calibrates precision grade

volumebic glassware which is normally in metric units.
Calibrations are made in accordance with fee schedules,

copies of which may be obtained by application to NIST.

3,4. Maintenance and Preservation of Fundamental
Standard of Mass. - It is a statutory responsibility of NIST
to maintain and preserve the national standard of mass at

NIST and also to rcalize all the other base units. It is fully
protected by an alarm system. All measurements made with
this standard are conducted in special air-conditioned
laboratories to which the standard is taken a suffrcientþ
long time before the observations to ensure that the standæd
will be in a state of equilibrium under standard conditions
when the measurements or comparisons are made. Hence,

it is not necessaly to maintain the standard at qta¡r,d_4¡d_ ç''o_¡r-

ditions, but care is taken to prevent large changes of
temperature. More important is the care to prevent any

damage to the standard because of careless handling.

4. Specialized use of the Terms
rfTonrf and ffTonnagerf

As weighing and measuring are important factors in our
everyday lives, it is quite natural that questions arise about
the use of various units and terms and about the magnitude
of quantities involved. For example, the words "ton" and

"tonnage" are used in widely different senses, and a great

deal of confusion has arisen regarding the application of
these terms.

The ton is used as a unit of measure in two distinct senses:

(1) as a unit of mass, and (2) as a unit of capacity or
volume.

In the first sense, the term has the following ¡ne¿nings:

a. The fu, or net ton of 2000 pounds.

b. The long, glqgg, orshipper's tonof2240 pounds.

c. The metric ton of 1000 kilogr¿r¡ns, or 2204.6pounds.

In the second sense (capacity), it is usually reskicted to uses

relating to ships and has the following meaning:

a. The register ton of 100 cubic feet.
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b. The measurement ton of 40 cubic feet.

c. The English water ton of 224 British Imperial
gallons.

In the United States and Canada the ton (mass) most
commonly used ís the short ton, in Great Britain it is the

þgg ton, and in countries using the mefric system it is the

mefric ton. The register ton and the measurement ton are

capacity or volume units used in expressing the tonnage of
ships. The English water ton is used, chiefly in Great

Britain, in statistics dealing with peholeum products.

There have been many other uses of the term ton such as the
timber ton of 40 cubic feet and the wheat ton of 20 bushels,
but their use has been local and the meanings have not been
consistent from one place to another.

Properly, the word "tonnage" is used as a noun only in
respect to the capacity or volume and dimensions of ships,

and to the amount of the ship's cargo. There are two distinct
kinds of ton¡age; namely, vessel tonnage and cargo tonnage
and each of these is used in various meanings.

The several kinds ofvessel tonnage are as follows:

Gross tonnage, or g¡oss register tonnage, is the total
cubical capacþ or volume of a ship expressed in register

tons of 100 cubic feet or 2.83 cubic meters, less such

space as hatchways, bakeries, galleys, etc., as are

exempted from measurement by different governments.

There is some lack of wriformity in the gross tor¡riages as

given by different nations on account oflack ofagree-
ment on the spaces that are to be exempted. Official
merchant marine statistics of most counFies are pub-
lished in terms of the gross resister tormage. Press

references to ship tonnage are usually to the gross

tonnage.

The net tonnage, or net register torulage, is the pgg
tonnage less the different spaces specified by maritime
nations in their measurement rules and laws. The spaces

that are deducted are those totally unavailable for
carrying cargo, such as the engiúe room, coal bunkers,
crews quarters, chart and instument roonL etc. The net
tonnage is used in computing the amount of cargo that
can be loaded on a ship. It is used as the basis for
wharfage and other similar charges.

The règister undér-deòk tonnâgè is the cubicalcaþacity
of a ship under her tonnage deck expressed in register

tons. In a vessel having more than one deck the torruage

deck is the second from the keel.

There a¡e several variations of displacement tonnage.

The dead weight tonnase is the difference between the

"loaded" and "light" displacement tonnages of a vessel.

It is expressed in terms of the long ton of 2240 pounds,

or the metric ton of 2204.6 pounds, and is the weight of
fuel, passengers, and cargo that a vessel can carry when

loaded to its maximum draft.

The second variety oftonnage, cargo tonnage, refers to
the weight of the particular items making up the cargo.

In overseas taffic it is usually expressed in long tons of
2240 pounds or metric tons of 2204.6 pounds. The-short
ton is only occasionally used. Therefore, the cargo

tonnage is very distinct from vessel tonnage.
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Appendix C

General Tables of Units of Measurement

These tables have been prepared for the benefit ofthose requiring tables ofunits for occasional ready reference. In
Section 4 of this appendix, the tables are carried out to a large number of decimal places and exact values are indicated

by underlining. In most of the other tables only a limited number of decimal places are given, thus making the tables

better adapted to the average user.

I. TABLES OF METRIC UMTS OF MEASUREMENT

In the metric system of measurement, designations of multiples and subdivisions of any unit may be arrived at by
combining with the name of the unit the prefixes deka, hecto, and kilo meaning, respectively, 10, 100, and I 000, and

dgçi, ggnd, and lqilli, meaning, respectively, one-tenth, one-hundredth; and one- thousandth. In some of the following
metric tables, some such multiples and subdivisions have not been included for the reason that these have little, if any

currency in actual usage.

In certain cases, particularly in scientific usage, it becomes convenient to provide for multiples larger than I 000 and

for subdivisions smaller than one-thousandth. Accordingly, the following prefixes have been introduced and these are

now generally recognized:

yotta, (Y) meaning l02a

zetta, (Z), meaning 102r

exa, (E), meaning l0r8
peta, (P), meaning 10rs

tera, (T), meaning l0r2

EiEa, (G), meaning lOe

mega, (M), meaning 106

kilo, (k), meaning 103

hecto, (h), meaning 102

deka, (da), meaning l0l

deci, (d),
centi, (c),
milli, (m),
micro, (p),
nano, (n),
pico, (p),
femto, (Ð,
atto, (a),

zepto, (z),
yocto, (y),

meaning l0-r
meaning 10-2

meaning 10-3

meaning 106

meaning 10-e

meaning 1O-r2

pe¿¡ing 10-15

meaning l0-r8

¡ns¿ning l0-2r

meaning 10-24

Thus a kilometer is 1000 meters and a millimeter is 0.001 meter.

Units of Length

l0 millimeters (mm)
10 centimeters
l0 decimeters

l0 meters
10 dekameters
10 hectometers

: 1 centimeter (cm)
: 1 decimeter (dm) : 100 millimeters
: 1 meter (m): 1000 millimeters
: 1 dekameter (dam)
: I hectometer (hm) : 100 meters
: 1 kilometer (km) : 1000 meters
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. Units of Area

10 milligrams (mg)
10 centigrams
10 decigrams

10 grams

10 dekagrams
10 hectograms
1000 kilograms

100 square millimeters (rnr) : I square centimeter (cnf)
100 square centimeters : I square decimeter (drr.-2)

100 square decimeters : I square meter (m2)

100 square meters : 1 square dekameter (dam) : 1 are

100 square dekameters : I square hectometer (hm') = t hectare (ha)
100 square hectometers : I square kilometer (km2)

Units of Liquid Volume

l0 milliliters (mL) : 1 centiliter (cL)
10 centiliters : 1 deciliter (dL) = 100 milliliters
l0 deciliters : 1 liter' : 1000 milliliters
10 liters : I dekaliter (dal)
10 dekaliters : t hectoliter (hL): 100 liters
l0 hectoliters I kiloliter (kL) : 1000 liters

Units of Volume

1000 cubic millimeters (mm3) : 1 cubic centimeter (cru-3)

1000 cubic centirneters : I cubic decimeter (dm3)
: 1 000 000 cubic millimeters

1000 cubic decimeters : I cubic meter (m3)
: I 000 000 cubic centimeters
: I 000 000 000 cubic millimeters

Units of Mass

: 1 centigram (cg)
: I decigram (dg) : 100 milligrams
: I gram (g) : 1000 milligrams
: I dekagram (dag)
: I hectogram(hg) : 100 g¡ams
: I kilogram (kg) : 1000 grams
: I megagram (Mg) or I metric ton(t)

I By action of the l2th General Conference on rù/eights and Measures (196a) the liter is a special name for the cubic
decimeter.
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2. TABLES OF U.S. IINITS OF'MEASUREMENT2

In these tables where foot or mile is underlined, it is survey foot or U.S. statute mile rather than intemational foot or mile
that is meant (see Section 2.2.4.).

Units of Length

12 inches (in)
3 feet
16-112 feet
40 rods

8 furlongs
1852 meters

Units öf fuea3

144 square inches (in2)

9 square feet

272-ll4 square feet
160 square rods
640 acres

I mile square
6 miles square

: I foot (ft)
= I yard (yd)
: I rod(rd), pole, orperch
= I turlong (tur):660 feet
= 1 U.S. statute mile (mi): 5280 feet

= 6076.115 49 feet (approximately)
= I international nautical mile

1728 cubic inches (in3)

27 cubic feet

0.66 foot (ft)
100links

80 chains

Gunter's or Surveyors Chain Units of Measurement

: 1 square foot (ff)
: I square yard (yd'?)
: 1296 square inches
: I square rod (sq rd)
: I acre :43 560 square feet
: 1 square mile (mi'z)
: I section of land
: 1 township
:36 sections :36 square miles

Units of Volume3

: 1 cubic foot (ft')
: I cubic yard (yd3)

: I link (lÐ
: 1 chain (ch)
:4 rods : 66 feet
: I U.S. statute mile (mi)
:320 rods : 5280 feet

? This section lists units of measurement that have haditionally been used in the United States. In keeping with the

Omnibus Trade and Competitiveness Act of 1988, the ultimate objective is to make the Intemational System of Units
the primary measurement system used in the United States.

3 Squares and cubes of customarybut not of metric units a¡e sometimes expressed by the use of abbreviations rather than
symbols. For example, sq ft means square foot, and cu ft means cubic foot.
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General Tables of Units of Measurement

a gi[s (gi)
2 pints
4 quarts

60 minims (min or r¡ )

8 fluid drams

16 fluid ounces

2 Þinß

4 quarts

2 pints þt)
8 quarts

4 pecks

Units of Liquid Volumea

: I pint (pt)= 28.875 cubic inches
: I quart (qt) = 57.75 cubic inches
: 1 gallon (eal) : 231 cubic inches
: 8 pints :32 gills

Apothecaries Units of Liquid Volume

:lfluiddram(fld¡orf¡)
:0.225 6 cubic inch
: 1 fluid ounce (fl ozor f 8)
: 1.804 7 cubic inches
: I pint (pt or O)

28.875 cubic inches
: 128 fluid drams' '"- '- -= I'qùárt (Et) ='57.75 cubiC íñõhel
:32 fluid ounces :256 fluid drams
: 1 gallon (eal) : 231 cubic inches
: 128 fluid ounces :1024 fluid drams

Units of Drv Volumes

: I quart (qt) : 67.200 6 cubic inches
: I peck (pk) :537.605 cubic inches
: 16 pints
: I bushel (bu) :2150.42 cubic inches
:32 quarts

o When necessary to distinguish the liquid pint or quart from the @ pint or quart, the word "liquid" or the abbreviation
"liq" should be used in combination with the name or abbreviation of the liquid unit.

5 When necessary to distinguish 1þ pint or quart from the liquid pint or quart, the word "dr5r" should be used in
combination with the name or abbreviation of the drv unit.
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Avoirdupois Units of Mass6

[The "grain" is the same in avoirdupois, troy, and apothecaries units of mass.

27-11132 grans : I dram (dr)
16 drams : I ounce (oz)

:437-ll2 grarns

16 ounces : I pound (lb)
:256 drams

= 7000 grains

100 pounds : I hund¡edweight (cwt)?

20hundredweishts :lton
:2000 poundsT

In "gross" or "long" measure, the following values are recognized:

112 pounds : I gross or long hundredweight 7

2Q g¡qçq gr fggg h¡nd¡edrveights - - ! glqq-s o¡ long !9_u .

:2240 poundsT

Troy Units of Mass

[The "grain" is the same in avoirdupois, troy, and apothecaries units of mass.

24 grarns : I permyweight (dwt)
20 pennyweights : I ounce troy (oz t):480 g¡ains

12 ounces üoy : I pound toy (lb t)
:240 pennyweights :5760 grains

Apothecaries Units of Mass

[The "grain" is the same in avoirdupois, troy, and apothecaries units of mass.

20 grains : 1 scruple (s ap or E )
3 scruples : I dram apothecaries (dr ap or 5 )

:60 grains

8 drams apothecaries : I ounce apothecaries (oz ap or 3)
:24 scruples :480 grains

12 ounces apothecaries : 1 pound apothecaries (lb ap)
:96 d¡ams apothecaries
:288 scruples : 5760 grains

6 When necessary to distinguish the âvoirdupois dram from the apothecaries drarr\ or to distinguish the avoirdupois dram

or ounce from the fluid dram or ounce, or to distinguish the avoirdupois ouncè or pound from the troy or apothecaries

ounce or pound, the word "avoirdupois" or the abbreviation "avdp" should be used in combination with the name or
abbreviation of the avoirdupois unit.

7 When the terms "hundredweight" and "ton" are used unmodified, they are commonly understood to mean the 100-

pound hundredweight and the 2000-pound ton, respectively; these units may be designated "net" or "short" when

necessary to distinguish them from the corresponding units in gross or long measure.
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3. NOTES ON BRITISH IINITS OF MEASUREMENT

In Great Britain, the yard, the avoirdupois pound, the toy pound, and the apothecaries pound are identical with the units

of the same names used in the United States. The tables of British linear measure, boy mass, and apothecaries mass are

the same as the corresponding United States tables, except for the British spelling "drachm" in the table of apothecaries

mass. The table of British avoirdupois mass is the same as the United States table up to I pound; above that point the

table reads:

The present British gallon and bushel--known as the "Imperial gallon" and "Imperial bushel"--are, respectively, about

20 pãrcent and 3 percent larger than the United States gallon and bushel. The Imperial gallon is defured as the volume

of i0 avoirdupois pounds of water under specified conditions, and the Imperial bushel is defined as 8 Imperial gallons.

Also, the subdivision of the Imperial gallon as presented in the table of British apothecaries fluid measure differs in ¡vo

rmpõrtànr reqpecß fiöriì the côrreipónding Uñitëd Stateò-sùbditi5iorL in thãf the Iniþèäál gallon is divided into 160 fluid

ounces (wherias the United States gallon is divided into 128 fluid ounces), and a "fluid scruple" is included' The full

table of British measures of capacity (which are used alike for liquid and for dry commodities) is as follows:

14 pounds
2 stones

4 quarters
20 hundredweight

4 gills
2 pints
4 quarts

2 gallons
8 gallons (4 pecks)

8 bushels

20 minims
3 fluid scruples

8 fluid drachms
20 fluid ounces

8 pints

: I stone

= I quarter:28 pounds
: I hundredweight : 1 12 pounds
: 1 ton:2240 pounds

: l pint
: 1 quart
: I gallon
: I peck
: I bushel
: I quarter

: 1 fluid scruple
: I fluid drachm
:60 minims
:1 fluidounce
: l pint
= 1 gallon (160 fluid ounces)

The full table of British apothecaries measure is as follows:
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4. TABLES OF UNITS OF MEASUREMENT
(all underlined figures are exact)

Units of Length - International Measure8

Units Inches Feet Yards Miles Centimeters Meters

1 inch =

1 foot =

1 yard =

1 mile =

1 centimeter =

1 meter =

I

12

.JO

63 360

0.393 700I

39.370 08

0.083 333 33

L

3

5 280

0.032 808 40

3.280 840

0.027 777 78

0.333 333 3

L

I 760

0.010 936 13

1.093 613

0.000 015 782 83

0.000 189 393 I
0.000 568 181 I

1

0.000 006 213 712

0.000 621 371 2

2.54

30.48

91.44

160 934.4

T

100

0.025 4

0.304 I
0.914 4

I 609.344

0.01

Un¡ts of Length - Survey Measure'

Units Links Feet Rods Chains Miles Meters

1 link =

1 foot =

lrod =

I chain =

1 mile =

1 meter =

I

1.515 152

25

100

I 000

4.970 960 3.280 833

0.66

16.5

1

þtl

5 280

0.04

0.060 606 06

1

4

320

0.198 838 4

0.01

0.015 151 52

0.25

¡

80

0.049 709 60

0.000 125

0.000 189 393 I
0.003 125

0.0125

0.000 621 369 I

0.201 168 4

0.304 800 6

5.029210

20.1168/-

1609.347

1

t One intemational foot : 0.999 998 survey foot (exactly)
One international mile :0.999 998 survey mile (exactly)

Note: 1 survey foot :1200/3937 meter (exactly)
1 international foot :12x0.0254 meter (exactly)
I international foot :0.0254 x39.37 survey foot (exactly)
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Units of Area - International Measures
(all underlined figures are exact)

Units of Area - Survey Measures

Units Square Inches Souare Feet Souare Yards

1 square inch

1 square foot

I square yard

1 square mile

1 square centimeter

1 souare meter

1

't44

1296

4 014 489 600

0,155 000 3

1550.003

0.006 944 444

!
9

27 878 400

0.001 076 391

10.763 91

0.000 771 604 I
0.111 111 1

3 097 600

0.000 119 599 0

1.195 990

Units Square Miles Souare Centimeters Souare Meters

1 square inch

1 square foot

1 square yard

1 square mile

1 square centimeter

1 souare meter

0.000 000 000 249 097 7

0.000 000 035 870 06

0.000 000 322 830 6

0.000 000 000 038 610 22

0.000 000 386 102 2

- '6.451 
6

929.030 4

8361.273 6

25 899 881 103.36

4I

10 000

0.00064516

0.092 903 04

0.836 127 36

2 589 988.1 10 336

0.0001

Un¡ts Souare Feet Square Rods Souare Chains Acres

I square foot =

1 square rod =

1 square chain =

1 acre =

1 square mile =

1 square meter =

t hectare =

272.25

4356

43 560

27 878 400

r0.763 87

107 638.7

0.003 673 095

l_

16

160

102 400

0.039 536 70

395.367 0

0.000 229 568 4

0.062 5

l_

10

&100

0.002 471 044

24.710 44

0.000 022 956 84

0.006 25

0.1

1

640

o.oo0 247 104 4

2.471044

e One square survey foot : 1.000 004 square intemational feet

One square survey mile : 1.000 004 squate intemational miles
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Units Souare Miles Square Meters Hectares

1 square foot =

1 square rod =

1 square chain =

1 acre =

1 square mile =

1 square meter =

t hectare =

0.000 000 035 870 06

0.000 009 765 625

0.000 156 25

0.001 562 5

0.000 000 386 100 6

0.003 861 006

0.092 903 41

25.29295

404.687 3

4 046.873

2 589 998

I

10 0o;

0.000 009 290 341

0.002 529 295

0.040 468 73

0.404 687 3

258.999 I
0.000 1

Units of Volume
(all underlined figures are exact)

Units Cubic lnches Cubic Feet Cubic Yards

1 cubic inch

1 cubic foot

1 cubic yard

1 cubic centimeter

I cubic decimeter

1 cubic meter

t_

1728

46 656

0.061 023 74

61.023 74

61023.74

0.000 578 703 7

!
27

0.000 035 314 67

0.035 314 67

35.314 67

0.000 021 433 47

0.037 037 04

0.000 001 307 951

0.001 307 951

1.307 951

Units Milliliters
(Cubic Centimeters)

Liters
(Cubic Decimeters)

Cubic Meters

1 cubic inch

1 cubic foot

1 cubic yard

1 cubic centimeter

1 cubic decimeter

1 cubic meter

16.387 064

28 316.846 592

764 554.857 984

!
1000

1 000 000

0.016 387 064

28.316 846 592

764.554 857 984

0.001

!
tro00

0.000 016 387 064

0.028 316 846 s92

0.76¡t 554 857 984

0.000 001

0.001
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Units of Capacity or Volume - Dry Volume Measure

Units Drv Pints Dry Quarts Pecks Bushels

1 dry Pint =

I dry quart =

1 peck =

1 bushel =

1 cubic inch =

1 cubic foot =

I liter =

1 cubic meter =

L

z
't6

64

0.029 761 6

51.428 09

1.dr6166

1 816.166

0.5

L

g

32

0.014 880I

25.714 05

0.908 083 0

908.083 0

0.062 5

0.125

0.001 860 1

3.214 256

0.113 510 4

1 1 3.510 4

!
L

0

0.015 625

0.031 25

0.25

l_

0.000 465 025

0.803 563 95

0.028 377 59

28.377 59

Units Cubic lnches Cubic Feet L¡ters Cubic Meters

1 dry pint =

1 dry quart =

I peck =

1 bushel =

1 cubic inch =

I cubic foot =

I liter =

1 cubic meter =

33.600 312 5

67.200 625

537.605

2150.42

!
1728

61.023 74

61023.74

0.019 444 63

0.038 889 25

0.311 114

1.244 456

0.000 578 703 7

0.035 314 67

35.314 67

0.550 610 5

1.101 221.

8.809 768

35.239 07

0.016 387 06

28.316 85

L

1000

0.000 550 610 5

0.001 101 221

0.008 809 768

0.035 239 07

0.000 016 387 06

0.028 316 85

0.001
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Units of Capacity or Volume - Liquid Volume Measure
(All underlined figures are exact)

Un¡ts Minims Fluid Drams Fluid Ounces Gills

1 minim =

I fluid dram =

I fluid ounce =

1 gill =

1 liquid pint =

1 liquid quart =

1 gallon =

I cubic inch =

1 cubic foot =

1 milliliter =

1 liter =

!
60

480

1920

7680

l5 360

61 440

265.974 0

459 603.1

16.230 73

16 230.73

0.016 666 67

1

g

32

128

256

1024

4.432 900

7660.052

0.270 5122

270.5122

0.002 083 333

0.125

1

!
16

32

128

0.554 112 6

957.506 5

0.033 814 02

33.814 02

0.000 520 833 3

0.031 25

0.25

I

!
g

32

0.138 528 1

239.376 6

0.008 453 506

8.453 506

Units Liquid Pints Liquid Quarts Gallons Gubic lnches

l minim =

1 fluid dram =

I fluid ounce =

1 gill =

I liquid pint =

1 liquid quart =

1 gallon =

1 cubic inch =

1 cubic foot =

l milliliter =

I liter =

0.000 130 208 3

0.007 812 5

0.062 5

0.25

0.034 632 03

59.844 16

0.002 113 376

2.113 376

L

z

g

0.000 065 104

0.003 906 25

0.031 25

o.125

0.5

0.017 316 02

29.92208

0.001 056 688

1.056 688

0.000 016 276 04

0.000 976 562 5

0.007 812 5

0.031 25

0.125

0.25

0.004 329 004

7.480 519

0.000 2æ 1721

0.2il 1721

0.003 759 766

0.225 585 94

1.804 687 5

7.2't875

28.875

57.75

231

!
17?8

0.061 023 74

61.02374
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Units Cubic Feet Milliliters Liters

l minim =

1 fluid dram =

I fluid ounce

l gill =

I liquid pint =

1 liquid quart =

1 gallon =

1 cubic inch =

1 cubic foot =

I milliliter =

1 liter =

0.000 002 175790

0.000 130 547 4

0.001 044 379

0.004177 5't7

0.016 710 07

0.033 420 14

0.133 680 6

0.000 578 703 7

0.000 035 314 67

0.035 314 67

0.061 611 52

3.696 691

29.573 53

1't8.2941

473.176 5

946.352 I
3785.412

16.387 06

28 316.85

!
1000

0.000 061 611 52

0.003 696 691

0.029 573 53

0.118 294 1

0.473176 5

0.946 352I

3.785 412

0.016 387 06

28.316 85

0.001

Units of Mass Not Less Than Avoirdupois Ounces
(all underlined figures are exact)

Units Avoirdupois
Ounces

Avoirdupois
Pounds

Short Hundred-
weiohtrs

Short tons

1 avoirdupois ounce =

1 avoirdupois pound =

1 short
hundredweight =

I short ton =

1 long ton =

I kilogram =

1 mebic ton =

L

16

1600

32 000

35 840

35.273 96

35 273.96

0.0625

1

100

2000

2240

2.204 623

2204.623

0.000 625

0.0r

20

22.4

0.02204623

22.04623

0.000 031 25

0.000 5

0.05

1.12

0.001 102 3l I

1.102311

Units Long Tons K¡lograms Metr¡c Tons

I avoirdupois ounce =

1 avoirdupois pound =

I short hundredweight =

1 short ton =

1 long ton =

I kilogram =

I mebic ton =

0.000 027 901 79

0.000 446 428 6

0.044 at2 86

0.892 857 1

0.000 984 206 5

0.984 206 5

0.028 349 523 125

0.453 592 37

45.359237

907.18r'.74

10'16.046 908 I
L

000

0.000 028 349 523 125

0.000 453 592 37

0.045 359 237

0.90718/.74

1.016 046 908 I
0.001
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Units of Mass Not Greater Than Pounds and Kilograms
(all underlined f¡gures are exact)

Units Grains Apothecaries Scruples Pennyweights Avoirdupois Drams

1 grain =

1 apoth. scruple =

1 pennyweight =

1 avdp. dram =

1 apoth. dram =

1 avdp. ounce =

1 apoth. ortroy oz. =

1 apoth. or troy pound

1 avdp. pound

1 milligram =

I gram =

1 kiloqram =

27.34375

437.5

480

5760

7000

0.015 432 36

15.432 36

1932.36

7

20

24

60

0.05

1.2

1.367 187 5

21.875

0.000 771 617 I
0.771617 I

771.617I

24

288

350

0.041 666 67

0.833 333 3

1

1.139 323

2.5

18.22917

20

240

291.666 7

0.000 643 014 I
0.643 014 9

aß.014I

0.036 571 43

0.731 428 6

0.877 7143

2.',194286

17.554 29

210.651 4

256

0.000 stt 383 4

0.564 383 4

5tf.383 4

I
I

16

Units Apothecaries Drams Avoirdupois Ounces Apothecaries or Troy
Ounces

Apothecaries or Troy
Pounds

1 grain =

I apoth. scruple =

1 pennyweight =

I avdp. dram =

I apoth. dram =

1 avdp. ounce =

1 apoth. or troy ounce

I apoth. or troy pound

1 avdp. pound =

I milligram =

1 gram =

1 kiloqram =

0.016 666 67

0.333 333 3

0.4

0.455 729 2

7.291 667

1 16.666 7

0.000 257 206 0

0.257 2060

257.2060

g

96

0.o02285714

o.o45714 29

0.054 857 14

0.062 5

0.1371429

1.097143

13.165 71

16

0.000 035 273 96

0.035 273 96

35.273 96

0.002 083 333

0.041 666 67

0.05

0.56 966 15

0.125

0.911 458 3

14.s83 33

0.000 032 150 75

0.032 150 75

32.150 75

L

12

0.000 173 611

0.003 472222

0.004 166 667

0.004747 179

0.010 416 67

0.075 954 86

0.083 333 333

1.215278

0.000 002 679 229

0.002 679 229

2.679229
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General Tables of Units of Measurement

5. TABLES OF EQUTVALENTS

In these tables it is necessary to dif[erentiate between the "intemational foot" and the "survey foot" (see Section 2.2'4.);

the survey foot is underlined.

When the name of a unit is enclosed in brackets (thus, [1 hand] . . . ), thit indicates (l) that the unit is not in general

current use in the United States, or (2) that the unit is believed to be based on "custom and usage" rather than on formal

authoritative de finition.

Equivalents involving decimals are, in most instances, rounded off to the third decimal place except where they are

exact, in which cases these exact equivalents are so designated. The equivalents of the imprecise u¡rits "tablespoon" and

"teaspoon" are rounded to the nearest milliliter.

UNITS OF LENGTH

I cable's length-----

I centimeter (cm)------

0. I nanometer (exactly).

0.000 1 micrometer (exactlY).

0.000 000 I millimeter (exactlY).

0.000 000 004 inch.

120 fathoms (exactþ).
720 feet (exactþ).
219 meters.

0.393 7 inch.

0.000 064 798 9l

0.001 295 978 2

0.001 555 173 84

0.001 771 845 195 312 5

0.003 887 934 6

0.028 349 523 125

0.031 1034768

0.373 241721 6

0.064 798 91

1.2959782

1.555 173 84

1.771 8/'51953125

3.887 934 6

28.349 5231.25

3't.103 476I

373.241721 6

453.59237

0.001 '

64.798 91

1295.9782

1555.173 84

1771.U51953125

3887.934 6

28349.523125

31 103.476I

373 241.721 6

453 592.37

'_{

r0;

0.000 142 857 I

0.002 857 143

0.003 428 571

0.003 906 25

0.008 571 429

0.062 5

0.068 571 43

0.8228571

L
- 0.boo'oo2'204 623

0.002204 623

2.20/'623

1 grain

I apoth. scruple

1 pennywe¡ght

1 avdp. dram

1 apoth. dram

1 avdp. ounce

1 apoth. or troy
ounce

1 apoth. or troy
pound

1 avdp. pound

r m¡ii¡giâm

1 gram

r0 The angstom is basically defined as 10-10 meter.
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General Tables of Units of Measurement

I chain (ch)--------
(Gunter's or surveyors)

I decimeter (dm)------

I dekameter (dam)-*----

I fathom----

I foot (ft)-- --:-----

I turlong (fur)--------

66 feet (èxaètly).

20.116 8 meters.

3.937 inches.

32.808 feet.

6 feet (exactly).
1.828 8 meters.

0.304 8 meter (exactly).

10 chains (surveyors) (exactly).
660 feet (exactly).
l/8 U.S. statute mile (exactly).

201-,168 meters..

4 inches.

2.54 centimeters (exactly).

0.621mile.

3 U.S. statute miles (exactly).
4.828 kilometers.

0.66 foot (exactly).
0.201 168 meter.

39.37 inches.
1.094 yards.

0.00 1 millimeter (exactþ).
0.000 039 37 inch.

0.001 inch (exactly).
0.025 4 millimeter (exactly).

5280 feet (exactly).
1.609 kilometers.

5280 feet (exactly).

I hand]-----

1 inch (in)---

I kilometer (lan)--------

I league (land)---*

I link (lÐ (Gunter's or surveyors)----

I micrometer

I mil---------

I mile (mi) (U.S. statute)rr ----------

I mile (mi) (international)------------

rr The term "statute mile" originated with Queen Elizabeth I who changed the defurition of the mile from the Roman

mile of 5000 feet to the statute mile of 5280 feet (see 2.L.3.). The international mile and the U.S. statute mile differ by
about 3 millimeters although both are defined as being equal to 5280 feet. The international mile is based on the

international foot (0.3048 meter) whereas the U.S. statute mile is based on the survey foot (1200/3937 meter).
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I Point (typography)

1 rod (rd), pole, or perch-------------

1 yard (yd)--

I mile (mi) (international nautical)t2 1.852 kilometers (exactly).
1.151 survev miles.

I millimeter (mm)------ 0.039 37 inch.

0.001 micrometer (exactly).
0.000 000 039 37 inch.

0.013 837 inch (exactly).
I 17 2 inch (approximately).
0.351 millimeter.

16 112 feet (exactly).
5.029 2 meters.

0.914 4 meter (exactly).

UNITS OFAREA

I acrel3

I are---------

t hectare----

[1 square (building)]--

I square centimeter (crn2)--*----

I square decimeter (dm)--------

I square foot (ft'z)---

I square inch (in'?)---

I square kilometer (k*)---------

I square meter (m2)--

43 560 square feet (exactly).
0.405 hectare.

119.599 square yards.
0.025 acre.

2.47L acres.

100 square feet.

0.155 square inch.

15.500 square inches.

g}g.030 square centimeters.

6.451 6 square centimeters (exactly).

247.104 acres.

0.386 square mile.

I 196 square yards.
10.764 square feet.

12 The international nautical mile of I 852 meters (6 076.115 49...feet) was adopted effective July 1, 1954, for use in
the United States. The value formerly used in the United States was 6 080.20 feet: I nautical (geographical or sea)

mile.

13 The question is often asked as to the length of a side of an acre of ground. An acre is a unit of area containing 43 560

square feet. It is not necessarily square, or even rectangular. But, ifit is square, then the length ofa side is equal to

t¡mæ = 208.710+ feet.
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General Tables of Units of Measurement

I square mile (mi2)---

I square millimeter (mmz¡--------

I square rod (rd2), sq pole,
or sq perch--

I square yard (ydz)---

I banel (bbl),liquid-

I banel (bbl), standard for fruits,
vegetables, and other dry-----*---
commodities, except' cranberries

I banel (bbl), standard, cranberry----

I bushel (bu) (U.S.) struck measure----

I bushel, heaped (U.S.)]-*------

I bushel (bu) (British Imperial)
1.032 U.S. bushels, struck measure
(struck measure)]----

I cord (cd) (fuewood)--

1 cubic centimeter ("*t)-----------

I cubic decimeter (d*)-----------

I cubic foot (fC)----

UNITS OF CAPACITY OR VOLUME

258.999 hectares.

0.002 square inch.

25.293 square meters.

0.836 square meter.

3l to 42 gallons.ro

7056 cubic inches.

105 dry quarts.
3.28 I bushels, struck measure;

5 826 cubic inches.

86 45164 dry quarts.

2.709 bushels, struck measure.

2150.42 cubic inches (exactly).

35.239 liters.

2 747 .ll5 cubic inches.

1.278 bushels. struck measure.rs

2219.36 cubic inches.

128 cubic feet (exactly).

0.061 cubic inch.

61.024 cubic inches.

7.481 gallons.
28.3 16 cubic decimeters.

0.554 fluid ounce.

4.433 fluid drams.

14 There are a variety of "barrels" established by law or usage. For example, Federal taxes on fermented liquors are

based on a barrel of 31 gallons; many St¿te laws fx the "barrel for liquids" as3l-L/2 gallons; one State fxes a 36-gallon

barrel for cistern measurement; Federal law recognizes a 4O-gallon barrel for "proof spirits"; by custom, 42 gallons

comprise a barrel of crude oil or petroleum products for statistical purposes, and this equivalent is recognized "for
liquids" by four States.

f 5 Frequently recognized as 1-Ll4 bushels, struck measure.
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General Tables of Units of Measurement

I cubic meter (m3)---

I cubic yard (yd3).-.-

1 cup, measuring-------

I dekaliter (dal.)-------

I dram, fluid (or liquid) (fl dr

otfz)(U.S.>----

16.387 cubic centimeters.

L308 cubic yards.

0.765 cubic meter.

8 fluid ounces (exactly).
237 milliliters.
l/2 liquid pint (exactly).

2.642 gallons.
1.135 pecks.

l/8 fluid ounce (exactly).
0.226 cubictnch.
3.697 milliliters.
1.041 British fluid drachms.

[1 drachm, fluid (fl dr) (British)]---

1 gallon (gal) (U.S.)--

[1 gallon (gal) (British Imperial)]--

I gill (gi)-

I hectoliter (ht)------

1 liter (1 cubic decimeter exactly)----

I milliliter (mL)-------

1 ounce, fluid (or liquid) (fl oz

or/¡XU.S.)

0.961 U.S. fluid dram.
0.217 cubic inch.
3.552 milliliters.

231 cubic inches (exactly).
3.785 liters.
0.833 British gallon.
128 U.S. fluid ounces (exactly).

277.42 cubíc inches.

1.201 U.S. gallons.
4.546liters.
160 British fluíd ounces (exactly).

7.219 cubic inches.

4 fluid ounces (exactly).
0.1 18 liter.

26.418 gallons.
2.838 bushels.

1.057 liquid quarts.

0.908 dry quart.
61.025 cubic inches

0.271 fluid dram.
t6.23I minims.
0.061 cubic inch.

1.805 cubic inches.

29.573 milliliters.
1.041 British fluid ounces.

0.961 U.S. fluid ounce.

1.734 cubic inches.[1 ounce, fluid (fl oz) (British)]---
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General Tables of Units of Measurement

28.412 milliliters.

I peck (pk)--------- 8.810 liters.

33.600 cubic inches.
I pint (pt), dry------- 0.551 liter.

28.875 cubic inches exactly.

1 pint þt), liquid------ 0.473 liter.

67.201cubic inches.

I quart (qÐ, dry (U.S.)--------- 1.101 liters.
0.969 British quart.

I quart (qt), liquid (U.S.)-------
57.75 cubic inches (exactly).
0.946 liter.

[1 quart (qt) (British)]---------

0.833 British quart.

69.354 cubic inches.

1.032 U.S. dry quarts.

1.201 U.S. liquid quarts.

3 teaspoons (exactþ).
15 milliliters.
4 fluid drams.

I tablespoon, measuring---

I teaspoon, measuring---

l/2 fluid ounce (exactly).

l/3 tablespoon (exactly).
5 milliliters.
1-ll3 fluid drams.ró

270.91U.S. gallons.
224 British Imperial gallons.

(exactþ).

T]NITS OF MASS

I assay tontT (AT)-- 29.167 grams.

200 milligrams (exactly).
I carat (c)-------- - 3.086 grains.

16 The equivalent "l teaspoon: 1-l/3 fluid drams" has been found by the Bureau to correspond more closely with the

actual capacities of "measuring" and silver teaspoons than the equivalent "l teaspoon = I fluid dram," which is given
by a number of dictionaries.

17 Used in assaying. The assay ton bears the same relation to the milligram that a ton of 2000 pounds avoirdupois bears

to the ounce troy; hence the mass in milligrams of precious metal obtained from one assay ton of ore gives directþ the

number of ûoy ounces to the net ton.
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I dram apothecaries (dr ap or ã )---

I d¡am avoirdupois (dr avdp)--------

I gamma (V)-----*--

I grain--*--

I gram (gÞ*-----

I hundredweight, gross or longrs
(gross cwt)--

I hund¡edweight, gross or short
(cwf or net cwt)::..--:::-::-:--:::-::-:. -... ...

I kilogram (kg)-----------

I microgram (pg) lthe Greek letter mu
in combination with the letter g]--

I milligram(me)------

I ounce, avoirdupois (oz avdp)------

I ounce, toy or apothecaries

(oz t or oz ap or ã)------

I pennyweight (dlvt)-----

I point-------

I pound, avoirdupois (lb avdp)-------

I pound, troy or apothecaries
(lb t or lb ap)------

I scruple (s ap or O )----------------

60 grains (exactly).
3.888 grams.

27 -ll /32 (: 27 .344) grains.

1.777 grams.

I microgram (exactly).

64.798 9l milligrams (exactly).

15.432 grains.

0.035 ounce, avoirdupois.

I 12 pounds (exactly).
50.802 kilograms.

100 pounds (exactly).
45.359 kilograms.

2.205 pounds.

0.000 001 gram (exactly).

0.015 grain.

437.5 grains (exactly).
0.91I troy or apothecaries ounce.

28.350 grams.

480 grains (exactly).
1.097 avoirdupois ounces.

31.103 grarns.

1.555 grams.

0.01 carat.
2 milligrams.

7000 grains (exactly).
1.215 toy or apothecaries pounds.

453.592 37 grams (exactly).

5760 grains (exactly).
0.823 avoirdupois pound.

373.242 $ams.

20 grains (exactly).
1.296 grams.

18 The gross or long ton and hundredweight are used commercially in the United States to only a very limited extent

usually in restricted induskial fields. The units are the same as the British "ton" and 'lhundredweight."
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I ton, gross or longle-----
2240þounds (exactly).
1.12 net tons (exactþ).
1.016 metric tons.

Z|0-4.613 pewrds,
0.984 gross ton.
1.102 net tons.

2000 pounds (exactly).
0.893 gross ton.
0.907 metric ton.

1 ton, net or short------

Ie The gross or long ton and hundredweight are used commercially in the United States to a limited extent only, usually
in restricted industial fields. These units are the same as the British "ton" and "hundredweight."
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Def,rnitions

Aþþendix D

Definitions

The specific code to which the definition applies is shown in þrackets] at the end of the definition. Definitions for the

General Code [1.10] apply to all codes in Handbook 44.

A

absolute value. The absolute value of a number is the

magnitude of that number without considering the

positive or negative sign.[2.20]

acceptånce test. The first official test of a farm milk
tank, at a particular location, in which the tank is
accepted as correct. This test applies to newly
constructed tanks, relocated used tanks, and recalibr-
ated tanks.[4.43]

accurate. A piece of equipment is "accurate" when its
performance or value-that is, its indications, its
deliveries, its recorded representations, or its capacity
or actual value, etc., as determined by tests made with
suitable standards-conforms to the standard within the

applicable tolerances and other performance require-
ments. Equipment that fails so to conform is "inac-
curate." (Also see "correct.")[. l0]

analog type. A system of indication or recording in
which values are presented as a series ofgraduations in
combination with an indicator, or in which the most
sensitive element of an indicating system moves
continuously during the operation of the device.U.10l

animal scale. A scale designed for weighing single
heads of livestock.[2.20]
(Amended 1987)

apparent mass versus 8.0 g/cm3. The apparent mass

of an object versus 8.0 g/cm3 is the mass of material of
density 8.0 g/cmr that produces exactly the same

balance reading as the object when the comparison is

made in air with a density of 1.2 mg/cmr at

20 "c.f3.30,3.321

approval seal. A label, tag, stamped or etched

impression, or the like, indicating official approval of
a device. (Also see "security seal.")[.10]

atmospheric pressure. The average atmospheric
pressure agreed to exist at the meter at various ranges

of elevation, irrespective of variations in atmospheric
pressure from time to time.[3.33]

audit trail. An elechonic count and/or information

record of the changes to the values of the calibration or
configuration parameters of a device.

fl.1O, 2.20, 3.301 (Added 1993)

automaticzero-setting mechanism. Automatic means

provided to maintain zero balance indication without

the intervention of an operator.[2.20]

automatic bulk weighing system. A weighing system

adapted to the aulomatic weighing qf-bül& ç9lrq-r¡.q{itieq

in successive drafts of predetermined amounts,

automatically recording the no-load and loaded weight

values and accumulating the net weight of each

draft.lZ.20l

automatic hopper scale. One adapted to the automatic

weighing of bulk commodity in successive drafts of
predetermined amounts. (This is not an "automatic-in-
dicating scale" defined below.)[2.20]

automatic temperature or density compensation.

The use of integrated or ancillary equipment to obtain

from the ouÞut of a volumetric meter an equivalent

mass, or an equivalent liquid volume at a normal

temperature of 70 "F and absolute pressure of
| 4.69 6 lb/inz absolute. [3.34]

automatic-indicating scale. One on which the weights

of applied loads of various magnitudes are

automatically indicated throughout all or a porfion of
the weighing range of the scale. (A scale that

automatically weighs out commodity in predetermined

drafu, such as an automatic hopper scale, a packaging

scalq and the like, is not an "automatic-indicating"
scale.)[2.20]

auxÍliary indicator. Any indicator other than the

master weight totalìzer that indicates the weight of
material determined by the scale.[2.21]

axle-load scale. A scale permanently installed in a

fixed location, having a load-receiving element

specíally adapted to determine the combined load of all
wheels (1) on a single axle or (2) on a tandem axle of
a highway vehicle.[2.20]
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Definitions

B

badge. A metal plate affixed to the meter by the
manufacturer showing the manufacturer's name, serial
number and model number of the meter, and its rated
capacity.[3.33]

balance, zero-load. See "zero-load balance."[2.20]

balance indicator. A combination of elements, one or
both of which will oscillate with respect to the other,
for indicating the balance condition of a nonautomatic
indicating scale. The combination may consist of two
indicating edges, lines, or points, or a single edge, line,
or point and a graduated scale.[2.20]

balancing mechanism. A mechanism (including a
ba_lance b_elD_lb4liq_&çiCn9d for adjqStíne a scale to an

accurate zero-load balance condition.[2.20]

base pressure. The absolute pressure used in defining
the gas measurement unit to be used, and is the gauge
pressure at the meter plus an agreed atmospheric
pressure.[3.33]

basic time rate. The charge for t-ime for all intervals
except the initial interval.[5.54]

basic tolerances. Basic tolerances are those tolerances
on underregistration and on overregistation, or in
excess and in deficiency, that are established by a par-
ticular code for a particular device under all normal
tests, whether maintenance or acceptance. Basic
tolerances include minimum tolerance values when
these are specified. Special tolerances, identified as

such and pedaining to special tests, are not basic
tolerances.[1,10]

basic distance rate. The charge for distance for all
intervals except the initial interval.[5.54]

batching meter. A device used for the purpose of
measuring quantities of water to be used in a batching
operation.[3.36]

beam scale. One on which the weights of loads of
various magnitudes are indicated solely by means of
one or more weighbeam bars either alone or in com-
bination with counterpoise weights.[2.20]

beam. See "weighbeam." [2.20)

bell prover. A calibrated cylindrical metal tank of the
annular type with a scale thereon that, in the downward
havel in a surrounding tank containing a sealing

mediurr¡ displaces air through the meter being proved
or calibrated.[3.33]

belt-conveyor. An endless moving belt for
transporling material from place to place.[2.21]

belt-conveyor scale. A device that employs a

weighing element in contact with a belt to sense the

weight of the material being conveyed and the speed

(travel) of the material, and integrates these values to
produce total delivered weight.[2.2l ]

bench scale. See "counter scale."[2.20]

binary submultiples. Fractional parts obtained by
Suóèessively diViding by the nirmber 2.' 'I n-us, one:llalf,
one-fourth, one-eighth, one-sixteenth, and so on, are

binary submultiples.l l. 10]

C

calibration parameter. Any adjustable parameter that

can affect measurement or performance accuracy and,

due to its nature, needs to be updated on an ongoing
basis to maintain device accuracy, €.9., span

adjustrnents, linearization factors, and coarse zero
adjustrnents. 12.20, 3.301 (Added I 993)

câr-wash timer. A timer used in conjunction with a

coin-operated device 10 measure the time during which
car-wash water, cleaning solutions, or waxing solutions
are dispensed.[5.55]

center-reading tank. One so designedthatthe gauge

rod or surface gauge, when properly positioned for use,

will be approximately in the vertical axis of the tank,

cenhally positioned with respect to the tank
walls.l[4.43]

cereal grain and oil seeds. Agricultural commodities
including, but not limited to, com, wheat, oats, barley,
flax, rice, sorghum, soybeans, peanuts, dry beans,

safflower, sunflower, fescue seed, etc.[5.56]

chart recorder. An element used with a belt-conveyor
scale that continuously records the rate-of-flow of bulk
material over the scale.[2.21]

check rate. A rate offlow usually 20 percent ofthe
capacity rate.[3.33]
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checkweighing scale. One used to veriff
predetermined weight within prescribed limits.[2.20]

class of grain. Hard Red Winter Wheat as

distinguished from Hard Red Spring Wheat as

distinguished from Soft Red Winter WÏeat, etc.[5.56]

clear interval between graduations. The distance
between adjacent edges ofsuccessive graduations in a
series of graduations. If the graduations are "stag-
gered," the interval shall be measured, if necessary,

between a graduation and an extension ofthe adjacent
graduation. (Also see "minimum clear interval. ") t I . I 0]

cleared. A taximeter is "cleared" when it is inoperative
with respect to all fare indication, when no indication
of fare or extras is shown and when all parts are in
those positions in which they are designed to be when
the vehicle on which the taximeter is installed is not
engaged by a passenger.[5.54]

coal-mine scale. One used at a coal mining operation
for determining the basic wages of miners on a

production basis.[2.20]

cold-tire pressure. The pressure in a ti¡e at ambient
temperature.[5.53, 5.54]

computing type or computing type device. A device
designed to indicate, in addition to weight or measure,

the total money value of product weighed or measured,

for one of a series of unit prices.fl.10]

computing scale. One that indicates the money values

of amounts of commodity weighed, at predetermined
unit prices, throughout all or part of the weighing range

of the scale.[2.20]

concave curve. A change in the angle of inclination of
a belt conveyor where the center of the curve is above
the conveyor.[2.21]

concentrated load capacity (CLC). A capacity rating
ofa vehicle, axle-load, or livestock scale, specified by
the manufacturer, defining the maximum load
concenÍation for which the weighbridge is designed.

In the case of vehicle and axle-load scales, it is the

maximum axle-load concentration (for a group of two
axles with a centerline spaced 4 feet apart and an axle
width of 8 feet) for which the weighbridge is designed
as specifred by the manufacturer. The concentrated
load capacity rating is for both test and use.[2.20]
(Added 1988)(Amended 1991, 1994)

Definitions

conliguration parameter: Any adjustable or

selectable parameter for a device feature that can affect

the accuracy of a transaction or can significantþ
increase the potential for fraudulent use of the device

and, due to its nature, needs to be updated only during

device installation or upon replacement of a

component, e.g., division value (increment), sensor

range, and units of measurement. Í2.20,3.301 (Added

1e93)

consecutive-car test train. A train consisting ofcars
weighed on a reference scale, then coupled

consecutively and run over the coupled-in-motion
railway tack scale under test.[2.20]
(Added 1990)

construction-material hopper scale. A scale adapted

to weighing construction materials such as sand, gravel,

cement, and hot oil.[2.20]

contract sale. A sale where there is a written
agreement stating the price as either a fixed price, a
price above cost, or an adjusknent from the posted

price. [3.30] (Added 1993)

conventional scale. Ifthe use ofconversion tables is

necessary to obtain a moisture content value, the

moistue meter indicating scale is called "conventional
scale." The values indicated by the scale are

dimensionless.[5.56]

conversion table. Any table, graph, slide rule, or other

extemal device used to determine the moisture content

from the value indicated by the moisture meter.[5.56]

correction table. Any table, graph, slide rule, or other

extemal device used to determine the moisture content

from the value indicated by the moisture meter when

the indicated value is altered by a parameter not

automatically corrected for in the moisture meter (for
example, temperature or test weight).[5.56]

convex curve. A change in the angle of inclination of
a belt conveyor where the center of the curve is below
the conveyor.l2.2ll

conveyor stringers. Support members for the

conveyor on which the scale and idlers are

mounted.[2.21]

correct. A piece of equipment is "correct" when, in
addition to being accurate, it meets all applicable

specification requirements. Equipment that fails to
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- rneet any of the requirements for correct equiprnent is

"incorrect." (Also see "accurate.")[. I0]

counter scale. One that, by reason of its size,
arrangement of parts, and moderate nominal capacity,
is adapted for use on a counter or bench. Sometimes
called "bench scale."[2.20]

counterbalance weight. One intended for application
near the butt of a weighbeam for zero-load balancing
purposes.[2.20]

counterpoise weight. A slotted or "hanger" weight
intended for application near the tip of the weighbeam
of d scale having a multiple greater than l.[2.20]

coupled-in-motion railroad weighing system. A
device and related installation characteristics consisting
of(l) the associated approach-ttackage, (2) the scale
(i.e., the weighing element the load-receivíng element,
and the indicating element with its software), and (3)
the exit tackage which permit the weighing of railroad
cars coupled in motion.[2.20]
(Added 1992)

crane scale. One with a nominal capacity of 5000
pounds or more desigaed to weigh loads while they are

suspended freely from an overhead, tackmounted
crane.[2.20)

cryogenic liquid-measuring device. A system
including a mechanism or machine of (a) the meter or
mass flow q/pe, or (b) a weighing type of device
mounted on a vehicle, designed to measure and deliver
cryogenic liquids in the liquid state. Means may be
provided to indicate automatically, for one of a series
of unit prices, the total money value of the liquid
measured.[3.34]
(Amended 1986)

cryogenic liquids. Fluids whose normal boiling point
is below 120 kelvin (-243 "F).[3.34]

cubic foot, standard. That quantity of gas that
occupies a volume of one cubic foot when under a

pressure of 14.73Iblin2 absolute and at a temperature of
60 "F.[3.33]

cubic foot, metered. That quantity of gas that
occupies one cubic foot when under pressure and
temperature conditions existing in the meter.[3.33]

cubic-foot bottle. A metal bottle open at the lower end
and so supported that it may be easily raised or lowered

in a tank that contains a. sealing. rnediurn. ltiVith the

level of the sealing medium properly adjusted, the

bottle, when lowered, will displace exactly one cubic
foot of air upon coming to rest on the bottom of the

tank. The marks on the bottle defining the cubic foot
are the bottom of the lower neck and the gauge mark
that partially surrounds the gauge glass in the upper
neck.[3.33]

cubic foot, gas. The amount of a cryogenic liquid in
the gaseous state at a temperature of 70 'F and under a

pressrue of 14.696 1b/in2 absolute that occupies one

cubic foot. (See NTP.)[3.34]

D

dairy-product-test scale. A scale used in determining
the moisture content of butter and/or cheese or in
deiermining the butterfat content of milk, creâin, oi
butter.[2.20]

decreasing-load test. A test for automatic-indicating
scales only, wherein the performance of the scale is

tested as the load is reduced.[2.20]
(Amended 1987)

deficiency. See "excess and deficiency."[1. 10]

digital type. A system of indication or recording of the

selector tlpe or one that advances intermittently in
which all values are presented digitally, or ia ntrmbers.

In a digital indicating or recording element or in digital
representation, there are no graduations. I I . 1 0]

direct sale. A sale in which both parties in the

transaction are present when the quantity is being
determined. An unattended automated or customer-
operated weighing or measuring system is considered
to represent the device/business owner in transactions
involving an unattended device. [1.10] (Amended
1ee3)

discharge line. A rigidpipe connected to the outlet of
a measuring device. [3.30]
(Added 1987)

discharge hose. A flexible hose connected to the

discharge outlet of a measuring device or its discharge

line. [3.30]
(Added 1987)

discrimination (of an automatic-indicating scale).

The value of the test load on the load-receiving element

of the scale that will produce a specified minimum
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change of the indicated or recorded vatue oq the

scale.[2.20]

dispenser. See motor-fuel device.[3.30]

distributed-car test train. A train consisting ofcars
weighed first on a reference scale, cars coupled
consecutively in groups at different locations within the

tain, then run over the coupled-in-motion railway track
scale under test. The groups are typically placed at the

front, middle, and rear of the train.[2.20]
(Added 1990)

dry-hose type. A type of device in which it is intended

that the discharge hose be completely drained

following the mechanical operations involved in each

delivery. [See "dry hose."] [3.30, 3.34]

dry hose. A discharge hose intended to be completely
drained at the end of each delivery of liquid. [See
"dry-hose type."l[3.30]

E

equal-arm scale. A scale having only a single lever
with equal arms (that is, with a multþle of l), equþed
with two similar or dissimilar load-receiving elements

þan, plate, platter, scoop, or the like), one intended to
receive material being weighed and the other intended

to receive weights. There may or may not be a
weighbeam.[2.20]

e-,o (minimum verification scale division). The
smallest scale division for which a weighing element

complies with the applicable requirements .f2.20, 2.21,
2.241
(Added 1997)

event counter. A nonresettiable counter that
increments once each time the mode that permits

changes to sealable parameters is entered and one or
more changes are made to sealable calibration or
configuration parameters of a device. 12.20, 3.301
(Added 1993)

event logger. A form of audit trail containing a series

of records where each record contains the number from
the event counter corresponding to the change to a
sealable parameter, the identification of the parameter

that was changed, the time and date when the parameter

was changed, and the new value of the parameter.

[2.20,3.30]
(Added 1993)

Definitions

excess and deficiency. rùy'hen an instument or device

is of such a character that it has a value of its own that

can be determined, its error is said to be "in excess" or

"in deficiency," depending upon whether its actual

value is, respectively, greater or less than its nominal

value. (See "nominal.") Examples of instruments

having errors "in excess" are: a linear measure that is

too long; a liquid measure that is too large; and a

weight that is "heavy." Examples of instruments

having errors "in deficiency" are: a lubricating-oil
bottle that is too small; a vehicle tank compartrnent that

is too small; and a weight that is "light.'[l.10]

extras. Charges to be paid by a passenger in addition

to the fare, including any charge at a flat rate for the

transportation of passengers in excess of a stated

number and any charge for the transportation of
baggage.[5.54]

F

face. That side of a taximeter on which passenger

charges are indicated.[s.54]

face. That portion of a computing-type pump or
dispenser which displays the actual computation of
price per unit, delivered quantity, and total sale prióe.

I¡ the case of some electronic displays, this may not be

an integral part of the pump or dispenser.[3.30]
(Added 1987)

fare. That portion of the charge for tÏe hi¡e of a

vehicle that is automatically calculated by a taximeter
through the operation of the distance and/or time
mechanism.[5.54]

farm milk tank. A unit for measuring milk or other

fluid daþ product, comprising a combination of (1) a

stationary or portable tank, whetler or not equþed
with means for cooling its contents, (2) means for
reading the level of liquid in the tank, such as a
removable gauge rod or a surface gauge, and (3) a chart

for converting level-of-liquid readings to volume; or
such a unit in which readings are made on gauge rod or
surface gauge directly in terms of volume. Each com-

parünent of a subdivided tank shall, for purposes of this

code, be construed to be a "farm milk tank."][4.43]

feeding mechanism. The means for depositing

material to be weighed on the belt conveyor.l2.2ll

fifth wheel. A commercially-available distance-

measuring device which, after calibration, is

recommended for use as a field transfer standard for
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testing the accuracy of taximeters and odometers on
rented vehicles.[5.53, 5.54]

fifth-wheel test. A distance test similar to a road test,
except that the distance taveled by the vehicle under
test is detemrined by a mochanism known as a "fifth-
-wheel" that is attached to the vehicle and that indepen-
dentþ measures and indicates the distance.[5.53, 5.54]

flag. A plate at the end of the lever arrn or similar part
by which the operating condition of a taximeter is
controlled and indicated.ls.54]

fractional bar. A weighbeam bar of relatively small
capacity for obtaining indications intermediate between
notches or graduations on a main or tare bar.[2.20]

ff/h. Cubic feet per hour.[3.33]

G

gasoline gallon equivalent (GGE). Gasoline gallon
equivalent (GGE) means 5.660 pounds of natural gas.

[3.37]
(Added 1994)

gasoline liter equÍvalent (GLE). Gasoline liter
equivalent (GLE) means 0.678 kilograms of natural
gas. [3.37]
(Added 1994)

gauge pressure. The difference between the pressure
at the meter and the aünospheric pressure þsi).[3.33]

gauge rod. A graduated, "dip-stick" type ofmeasuring
rod designed to be partially immersed in the liquid and
to be read at the point where the liquid surface crosses

the rod.[4.43]

gauging. The process of determining and assigning
volumekic values to specific graduations on the gauge
or gauge rod that serve as the basis for the tank volume
chart.[4.43]

graduated interval. The distance from the center of
one graduation to the center ofthe next graduation in a
series of graduations. (Also see "value of minimum
graduated interval. ")[ 1. I 0]

graduation. A defining line, or one of the lines
defining the subdivisions of a graduated series. The
term includes such special forms as raised or indented
or scored reference "lines" and special characters such

1s dots. (A-lso see "main gradrration'l and 'isubordinale
graduation.")[I. l0]

grain hopper scale. One adapted to the weighing of
individual loads of varying amounts of grain.[2.20]

grain moisture meter. Any device indicating either
directly or tbrough conversion tables and/or correction
tables the moisture content of cereal grains and oil
seeds. Also termed "moisture meter."[5.56]

grain sample. That portion of grain or seed taken fiom
a bulk ofgrain or seed to be bought or sold and used to
determine the moisture content of the bulk.[5.56]

grain-test scale. A scale adapted to weighing grain
samples used in determining moisture content,

dockage, weight per unit volume, etc.[2.20, 5.56]

gravity type. A type of device designed for discharge
by gravity.[3.30]

H

head pulley. The pulley at the discharge end of the
belt conveyor. The power drive to drive the belt is
generally applied to the head pulley.[2.21]

hired. A taximeter is "hired" when it is operative with
respect to all applicable indications of fare or extras.
The indications of fare include time and distance where
applicable unless qualified by another indication of
"Time Not Recording" or an equivalent expression.-

[s.54]

hopper scale. A scale designed for weighing bulk
commodities whose load-receiving element is a tank,
box, or hopper mounted on a weighing element. (Also,
see "automatic hopper scale," "grain hopper scale," and

"construction-material hopper scale."[2.20]

I

idler space. The center-to-center distance between
idler rollers measured parallel to the belt.[2.21]

idlers or idler rollers. Freely turning cylinders
mounted on a frame to support the conveyor belt. For
a flat belt the idlers consist of one or more horizontal
cylinders Eansverse to the direction of belt havel. For
a troughed belt, the idlers consist of one or more

horizontal cvlinders and one or more cvlinders at an
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angle to the horizontal to lift the sides of the belt to
form a trough.[2.21]

in-service light indicator. A light used to indicate that

a timing device is in operation.[5.55]

increasing-load test. The normal basic performance
test for a scale in which observations are made as

increments of test load are successively added to the

load-receiving element of the scale.[2.20]

increment. The value of the smallest change in value
that can be indicated or recorded by a digital device in
normal operation.[. 10]

index of an indicator. The particular portion of an

indicator that is directly utilized in making a

reading.fi.10]

indicating element. An element incorporated in a

weighing or measuring device by means of which its
performance relative to quantity or money value is
"read" from the device itself as, for example, an

index-and-graduated-scale combination, a weigh-
beam-and-poise combination, a digital indicator, and

the like. (Also see "primary indicating or recording
element.")[1.10]

indicator, balance. See "balance indicator."[2.20]

initial zero-setting mechanism. Automatic melns
provided to set the indication to zero at the time the

instrument is switched on and before it is ready for
use.[2.20]
(Added 1990)

initial distance or time interval. The interval
corresponding to the initial money drop.[5.54]

interval, graduated. See "graduated interval."[ l. 10]

interval, clear, between graduations. See "clear
interval between graduations."[1. 10]

J

jewelers' scale. One adapted to weighing gems and

precious metals.[2.20]

K

kind of grain. Corn as distinguished from soybeans as

distinguished from wheat, etc.[5.56]

Definitions

L

tabel. A printed ticket, to be attached to a package,

produced by a printer that is a part of a prepackaging

scale or that is an auxiliary device.[2.20]

Iarge-delivery device. Devices used primarily for

single deliveries greater than 200 gallons, 2000

pounds, 20 000 cubic feet, 2000 liters, or 2000 kilo-
grams.[3.34]

laundry-drier timer. A timer used in conjunction with
a coin-operated device to measure the period of time

that a laundry drier is in operation.[5.55]

liquefied petroleum gas vapor-measuring device. A
system including a mechanism or device of the meter

type, equipped with a totaliztng index, designed to

measure and deiiver liquefied penolèum gáé-in nhe

vapor state by definite volumes, and generaþ installed
in a permanent location. The meters are similar in
constuction and operation to the conventional nahual-
and manufactured-gas meters.[3.32]

liquefied petroleum gas. A petroleum product

composed predominantly of any of the following
hydrocarbons or mixtures thereof: propane, propylene,

butanes (normal butane or isobutane), and

butylenes. [3. 32, 3.33]

liquefied petroleum gas liquid-measuring device. A
system including a mechanism or machine of the meter

type designed to measure and deliver liquefied petr-

oleum gas in the liquid state by a defmite quantity,

whether installed in a permanent location or mounted

on a vehicle. Means rnay or may not be provided to
indicate automatically, for one of a series of unit prices,

the total mouey value of the liquid measured.[3.33]

(Amended 1987)

liquid volume correction factor. A correction factor
used to adjust the liquid volume of a cryogenic product

at the time of measurement to the liquid volume at

NBP.[3.34]

Iiquid-fuet device. A device designed forthe measure-

ment and delivery of liquid tuels.[3.30]

liquid-measuring device. A mechanism or machine

designed to measure and deliver liquid by defurite

volume. Means may or may not be provided to

indicate automaticaþ, for one of a series of unit prices,

the total money value of the liquid measured, or to
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make deliveries corresponding to specific money
values at a definite unit price.[3.30]

liquid fuel. Any liquid used for fuel purposes, that is,
as a fuel, including motor fuel.[3.30]

livestock scale. A scale equipped with stock racks and
gates and adapted to weighing livestock standing on the

scale platform.l2.20l
(Amended 1989)

load-receiving element. That element of a scale that
is designed to receive the load to be weighed; for
example, platfornq deck, rail, hopper, platter, plate,

scoop.[2.20]

load cell. A device, whether electric, hydraulic, or
pneumatic, that produces a signal proportional to the
load applied,[2.20]

load cell verification interval (v). The load cell
interval, expressed in units of mass, used in the test of
the load çell for accuracy classification.Í2.20,2.211
(Added 1996)

loading point. The location at which material to be

conveyed is applied to the conveyor.l2.2ll

low-flame test. A test simulating extremely low-flow
rates such as caused by pilot lights.[3.33]

lubricant device. A device designed for the
measurement and delivery of liquid lubricants,
including, but not limited to, heavy gear lubricants and

automatic transmission fluids (automotive).[3.30]

M

m3/h. Cubic meters per hour.[3.33]

main-weighbeam elements. The combination of a

main bar and its fractional bar, or a main bar alone if no

fractional bar is associated with it.[2.20]

maÍn bar. A principal weighbeam bar, usually of
relatively large capacity as compared with other bars of
the same weighbeam. (On an automatic-indicating
scale equipped with a weighbearn, the main weighbeam
bar is frequently called the "capacity bar.")[2.20]

main graduation. A graduation defrning the primary
or principal subdivisions of a graduated series. [Also
see "graduation."][I. 10]

manual zgro-s9lti4g mech¡nism, Nonautomatic
means provided to attain a zero balance indication by
the direct operation of a conhol.[2.20]

manufactured device. Any new device or any other
device that has been removed from service and
substantially altered or rebuilt. [l . l 0]

mass flow meter. A device that measures the mass of
a product flowing through the system. The mass

measurement may be deterrnined directþ from the

effects of mass on the sensing unit or may be infened
by measuring the properties ofthe product, such as the
volume, density, temperature, or pressure, and
displaying the quantity in mass units.[3.30, 3.32]

master meter test method. A method of testing milk
tanks that utilizes an approved master meter system for
measuring test liquid removed from or inhoduced into
the tank.[4.43]

master weight totalizer. An indicating element used

with a belt conveyor scale to indicate the weight of
material that was passed over the scale. The master

weight totalizer is a primary indicating element of the

belt-conveyor scale. [2.2 I ]

material test. The test of a belt-conveyor scale using
material þreferably that for which the device is

normally used) that has been weighed to an accuracy of
0.1 percent.[2.21]
(Amended 1989)

maximum cargo load. The maximum cargo load for
trucks is the difference between the manufactu¡er's
rated gross vehicle weight and the actual weight of the

vehicle having no cargo load.[5.53]

meter register. An observation index for the

cumulative reading of the gas flow tbrough the meter.

In addition there are one or two proving circles in
which one revolution of the test hand represents l/2, l,
2,5, or l0 cubic feet, or 0.025, 0.05, 0.1,0.2, or 0.25

cubic meter, depending on meter size. If two proving
circles are present, the circle representing the smallest

volume per revolution is referred to as the "leak-test
circle."[3.33]

metrological integrity (of a device). The desigrq

features, operation, installation, or use ofa device that
facilitates (l) the accruacy and validity of a

measurement or transaction, (2) compliance of the

device with weights and measures requirements, or (3)
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the suitability of the device for a given application.

|.10, 2.201 (Added I 993)

minimum totalized load. The least amount of weight
for which the scale is considered to be performing
accurately.[2.21]

minimum tolerances. Minimum tolerances are the
smallest tolerance values that can be applied to a scale.

Minimum tolerances are determined on the basis of the
value of the minimum graduated interval or the
nominal or reading face capacity of the scale. (See also
definition for basic tolerances.) [2.20]

minimum clear interval. The shortest distance
between adjacent graduations when the graduations are

not parallel. (Also see "clear interval.")[3.30]

minimirm delivery. The least amount of weight that is
to be delivered as a single weighment by a

belt-conveyor scale system in normal use.[2.21]

moisture content (wet basis). The mass of water in a
grain or seed sample (determined by the reference
method) divided by the mass of the grain or seed

sample expressed as a percentage (%).[5.56]

money-operated type. A device designed to be
released for service by the insertion of money, or to be
actuated by the insertion of money to make deliveries
of product.[l.l0]

money drop. An increment of fare indication. The
"initial money drop" is the fust increment of fare
indication following activation of the taximeter.[5.54]

motor-fuel device or motor-fuel dispenser or retail
motor-fuel device. A device designed for the
measurement and delivery of liquids used as fuel for
intemal-combustion engines. The term "motor-fuel
dispenser" means the same as "motor-fuel device"; the
term "retail motor-fuel device" applies to a unique
category of device (see definition of "retail
device").[3.30]

motor fuel. Liquid used as fuel for internal-
combustion engines.[3.30]

multi-interval scale. A scale having one weighing
range which is divided into partial weighing ranges,
each with different scale intervals, with the weighing
range determined automatically according to the load
applied, both on increasing and decreasing loads.
(Added r99s) 12.201

Definitions

multi-revolution scale. An automatic-indicating scale

having a nominal capacity that is a multiple of the

reading-face capacity and that is achieved by more than

one complete revolution of the indicator.l2.20l

multiple of a scale. In general, the multiplying power

of the enti¡e system of levers or other basic weighing
elements. (On a beam scale, the multiple of the scale

is the number of pounds on the load-receiving element

that will be counterpoised by I pound applied to the tip
pivot of the weighbeam.)[2.20]

multiple range scale. A scale having two or more

weighing ranges with different maximum capacities

and different scale intervals for the same load receptor,

each range extending from zero to its maximum
capacity. [2.207
(Added 1995)

multiple-tariff taximeter. One that may be set to

calculate fares at any one of two or more rates.[5.54]

multiple. An integral multþle; that is, a result

obtained by multiplying by a whole nurnber. (Also see

"multiple of a scale.")[1.10]

N

natural gas. A gaseous fuel, composed primarily of
methane, that is suitable for compression and

dispensing into a fuel storage container(s) for use as an

engine tuel. [3.37]
(Added l99a)

NBP. Normal boiling point of a cryogenic liquid at
1 4.696 lb/in2 absolute.[3.3a]

n.", (maximum number of scale divisions). The

maximum number of scale divisions for which a main
element or load cell complies with the applicable
requirements. The maximum number of scale divisions
permitted for an installation is limited to the lowest n o
marked on the scale indicating element, weighing
element, or load cell.f2.20, 2.21, 2 -241
(Added 1997)

no-load reference value. A positive weight value
indication with no load in the load-receiving element
(hopper) of the scale. (Used with automatic

bulk-weighing systems and certain single-draft,
manually-operated receiving hopper scales installed
below grade and used to receive grain.)lZ20l
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nominal capacity. The nominal capacity of a scale is
(a) the largest weight indication that can be obtained by
the use of all of the reading or recording elements in
combination, including the amount represented by any

removable weights fumished or ordinarily furnished
with the scale, but excluding the amount represented by
any exEa removable weights not ordinariþ fumished
with the scale, and excluding also the capacity of any

auxiliary weighing attachment not contemplated by the

original design of the scale, and excluding any
fractional bar with a capacþ less than 2-ll2percent of
the sum of the capacities of the remaining reading
elements, or (b) the capacity marked on the scale by the

manufacturer, whichever is less. (Also see "nominal
capacity, batching scale"; "nominal capacity, hopper
scale.")[2.20]

nominal capacity, batching scale. The nominal
capacifyõf ãtãtchiúg scale is- the Capacity as marked
on the scale by the scale manufacturer, or the sum of
the products of the volume of each of the individual
hoppers, in terms of cubic feet, times the weight per

cubic foot of the heaviest material weighed in each

hopper, whichever is less.[2.20]

nominal capacity, hopper scale. The nominal
capacity of a hopper scale is the capacity as marked on
the scale by the scale manufacturer, or the product of
the volume of the hopper in bushels or cubic feet times

the maximum weight per bushel or cubic foot, as the
case may be, of the commodity normally weighed
whichever is less.[2.20]

nominal. Refers to "tntended" or "named" or "stated,"
as opposed to "actual." For example, the "nominal"
value of something is the value that it is supposed or
intended to have, the value that it is claimed or stated to
have, or the value by which it is commonly known.
Thus, "l-pouud weight," "l-gallon measure," "l-yard
indication," and "500-pound scale" are statements of
nominal values; corresponding actual values may be
greater or lesser. (See nominal capacity of a

scale)[1.10]

nonretroactive. "Non¡etroactive" requirements are

enforceable after the effective date for:

L devices manufactured within a State after the
effective date;

2. both new and used devices brought into a State after

the effective date; and

3. devices used in noncommercial applications whieh
are placed into commercial use after the effective date.

Nonretroactive requirements are not enforceable
with respect to devices that are in commercial
service in the State as ofthe effective date or to new
equipment in the stock of a manufacturer or a

dealer in the State as of the effective date.
(Nonretroactive requÍrements are printed ìn itøIic

Ape.)lt.r0l
(Amended 1989)

nose-iron. A slide-mounted, manually-adjustable pivot
assembly for changing the multiple of a lever.[2.20]

notes. A section included in each of a number of
codes, containing instructions, pertinent directives, and
other specific information pertaining to the testing of
devices. Notes are primarily diidcted to weights-àird
measures offrcials. I l. l 0]

NTP density and volume correction factor. A
correction factor used to adjust the liquid volume of a
cryogenic product at the time of measurement to the
gas equivalent at NTP.[3.34]

NTP. Normal temperature of 2l 'C (70 'F) and
pressure of 101.325 kPa (14.696 lb/inz absolute)
respectively.[3.34]

o

odometer. A device that automatically indicates the
total distance taveled by a vehicle. For the purpose of
this code, this definition includes hub odometers, cable-

-driveu odometers, and the distance-indicating or
odometer portions of "speedometer" assemblies for
automotive vehicles. [5.53 ]

official grain samples. Grain or seed used by the
official as the official fransfer standard from the
reference standard method to test the accuracy and
precision of grain moisture meters.[5.56]

officiat with statutory authority. The representative
of the jurisdiction(s) responsible for certifying the
accuracy of the device .12.20, 2.21, 2.22]
(Added 1991)

operating tire pressure. The pressure in a tire
immediately after a vehicle has been driven for at least

5 miles or 8 kilometers.[5.53, 5.54]
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over-and-under indicator. An automatic-indicating
element incorporated in or attached to a scale and
comprising an indicator and a graduated scale with a
central or intermediate "zero" graduation and a limited
range of weight graduations on either side of the zero
graduatioq for indicating weights greater than and less
than the predetermined values for which other elements
of the scale may be set. (A scale having an
over-and-under indicator is classed as an auto-
matic-indicating scale.)[2.20]

overregistration and underregistration. When an
instrument or device is of such a character that it
indicates or records values as a result ofits operation,
its error is said to be in the di¡ection of over registation
or underregistation, depending upon whether the
indications are, respectively, greater or less than they
should be. Examples of devices having errors of
"overregistration" are: a fabric-measuring device that
indicates more than the true length of material passed
through it; and a liquid-measuring device that indicates
more than the true amount of the liquid delivered by
the device. Examples of devices having errors of
"underregistation" are: a meter that indicates less than
the true amount of product that it delivers; and a

weighing scale that indicates or records less than the
fue weight of the applied load.fi.10]

P

parallax. The apparent displacement, or apparent
difference in height or width, of a graduation or other
object with respect to a fxed reference, as viewed from
different points.[ l. I 0]

parking meter. A coin-operated device for measuring
parking time for vehicles.[5.55]

passenger vehicles. Vehicles such as automobiles,
recreational vehicles, limousines, ambulances, and
hearses.[5.53]

performance requirements. Performance
requirements include all tolerance requirements and, in
the case of nonautomatic-indicating scales, sensitivity
requirements (SR). (See definitions for "tolerance" and
"sensitivity requirement. ")[ . 1 0]

point-of-sale system. An assembly of elements
including a weighing or measuring element, an
indicating element, and a recording element (and may

Definitions

'also be equipped with'a !!scanner'!) used to eomplete a

direct sales transaction. 12.20, 3 .30, 3.32, 3.37 l
(Added 1986) (Amended 1997)

poise. A movable weight mounted upon or suspended

fÍom a weighbeam bar and used in combination with
graduations, and frequently with notches, on the bar to
indicate weight values. (A suspended poise is
commonly called a "hanging poise.")[2.20]

portable cubic-foot standard. A gasometer of the

annular type, the bell being sealed with a light oil, the

amount of its rise (and consequently of the volume of
air or gas being measured) being under absolute confrol
so that an exact cubic foot can be delivered.[3.33]

postal scale. A scale (usually a computing scale)

designed for use to determine shipping weight or
delivery charges for letters or parcels delivereil by-the
U.S. Postal Service or private shipping companies. A
weight classifier may be used as a postal scale.[2.20]
(Added le87)

prepackaging scale. A computing scale specially
designed for putting up packages of random weights in
advance of sale.[2.20]

prescriptíon scale. A scale or balance adapted to
weighing the ingredients of medicinal and other
formulas prescribed by physicians and others and used

or intended to be used in the ordinarv tade of
pharmacists.[2.20]

pressure type (device). A type ofdevice designed for
operation with the liquid under artificially produced
pressure.[3.30]

primary indicating or recording elements. The term
"primary" is applied to those principal indicating
(visual) elements and recording elements that are

designed to, or may, be used by the operator in the

normal commercial use of a device. The term
"primary" is applied to any element or elements that
may be the determining factor in aniving at the sale

representation when the device is used commercially.
(Examples of primary elements are the visual indicators
for meters or scales not equipped with ticket printers or
other recording elements and both the visual indicators
and the ticket printers or other recording elements for
meters or scales so equipped.) The term "primary" is
not applied to such auxiliary elements as, for example,
the totalizing register or predetermined-stop

mechanism on a meter or the means for producing a
running record of successive weighing operations,
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these elernents being supplementary to those that are

the determining factors in sales representations of
individual deliveries or weights. (See "indicating
element" and "recording element.")[1. 10]

prover oit. A light oil of low vapor pressure used as a

sealing medium in bell provers, cubic-foot bottles, and

portable cubic-foot standards. [3.33]

proving indicator. The test hand or pointer of the

proving or leak-test circle on the meter register or

index.[3.33]

prover test method. A method of testing milk tanks

that utilizes approved volumetric prover(s) for
measuring the test liquid removed from or introduced

into the tank.[4.43]

R

ur" factor. A computation for determining the

suitability of a vehicle scale for weighing vehicles with

varying axle configurations. The factor was derived

by dividing the weights in FHWA Federal Highway
Bridge Gross Weight Table B by 34 000 lbs. (The

resultant factors contained in Table UR.3.2.1.)t2'201

radio frequency interference (RFI). Radio frequency

interference is a type of electrical disturbance that,

when introduced into electronic and electrical circuits,

may cause deviations from the normally expected

performance.[1.10]

ranges, weight. See "weight ranges."[2.20]

rated scale capacity. That value representing the

weight that can be delivered by the device in one hou¡.-

12.2r1

rated capacity. The rate of flow in cubic meters per

hour of a hydrocarbon gas vapor-measuring device as

recommended by the manufacturer. This rate of flow
should cause a pressr[e drop across the meter not

exceeding I lZ-nch water column. [3.33]

ratio test. A test to determine the accuracy with which
the actual multiple of a scale agrees with its designed

multiple. This test is used for scales employing

counterpoise weights and is made with standard test

weights substituted in all cases for the weights

commercially used on the scale. (It is appropriate to

use this test for some scales not employing

counterpoise weights.)[2.20]

reading.facecapacity. Thp la¡gest valuç thalm¿J be

indicated on the reading face, exclusive of the

application or addition of any supplemental or

accessory elements.[. 1 0]

reading face. That portion of an automatic-indicating

weighing or measuring device that gives a visible

indication of the quantity weighed or measured. A
reading face may include an indicator and a series of
graduations or may present values digitally, and may

also provide money-value indications. [1. I 0]

recorded representation. The printed embossed, or

other representation that is recorded as a quantity by a

weighing or measuring device.[l. 10]

recording element. An element incorporated in a

weighing or measuring device by means of which its

performance relative to quantity or mone¡l-value is per--
manently recorded on a tape, ticket, card or the like, in
the form of a printed, stamped, punched, or perforated

representation.[1. 10, 2.2 1]

recording scale. One on which the weights of applied

loads may be permanently recorded on a tape, ticket
card, or the like in the form of a printed, stamped,

punched, or perforated representation'.12.20)

reference weight car. A railroad car weighed on a

scale for temporary use as a mass standard over a short

period of time (typically, the time required to test one

scale) as part of a test train.

Note: A test weight car that is representative of the

types of cars typically weighed on the scale under test

may be used wherever reference weight cars are

specified.[2.20]
(Added 1991)

remote configuration capability. The ability to adjust

a weighing or measuring device or change its sealable

parameters from or through some other device that is

not itself necessary to the operation of the weighing or

measuring device or is not a permanent part of that

device. [2.20,3.301
(Added 1993)

retail device. A device used for:

single deliveries of less than 378 L (100 gal)'

retail deliveries of motor fuels to individual

highway vehicles, or
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single deliveries of liquefied pekoleum gas for
domestic use and liquified peüoleum gas or liquid
anhydrous ammonia for nonresale use.

(Amended 1987)[3.32]

retroactive. "Retoactive" requirements are

enforceable with respect to all equipment. Retoactive
requirements are printed herein in upright roman type.
(Also see "nonrehoactive.")[1. l0]

road test. A distance test, over a measured course, of
a complete taximeter assembly when installed ou a

vehicle, the mechanism being actuated as a result of
vehicle tavel.[5.53]

rolling circumference. The rolling ctcumference is
the staight line distance ûaveled per revolution of the
wheel (or wheels) that actuates the taximeter or
odometer. If more than one wheel actuates the
taximeter or odometer, the rolling circumference is the
average distance taveled per revolution of the

actuating wheels.[5.53, 5.54]

S

scale division, pumber of (n). Quotient of the
capacity divided by the value of the verification scale
division:[2.20]

_ Capacity

e

scale divisíon, value of (d). The value of the scale
division, expressed in units of mass, is the smallest
subdivision of the scale for analog indication or the
difference between two consecutively indicated or
printed values for digital indication or printing. (Also
see "vedfrcation scale division.")[2.20]

scale section. A part of avehicle, ule-load, livestock,
or raiiway tack scale consisting of two main load
supports, usually bansverse to the direction in which
the load is applied.[2.20]

scale. See specific type of scale.[2.201

seal. See "approval seal," "security seal."[l.10]

section test. A shift test in which the test load is
applied over individual sections of the scale. This test
is conducted to disclose the weighing perfonnance of
individual sections, since scale capacity test loads are

Definitions

not always available and loads weighed are not always

distributed evenly over all main load supports.[2.20]

security means. A method used to prevent access by
other than qualified personnel, or to indicate that access

has been made to certain parts of a scale that affect the

performance of the device.[2.21]

securÍty seal. A uniquely identifiable physical seal,

such as a lead-and-wire seal or other fype of locking
seal, a pressure-sensitive seal suffrciently permanent to
reveal its removal, or similar apparatus attached to a

weighing or measuring device for proteçtion against or
indication ofaccess to adjustnent. (Also see "approval
seal. ")[ l. l 0]
(Amended 1994)

selector-t¡le. A system of indication or recording in
which the mechanism selects, by means of a

ratchet-and-pawl combination or by other means, one

or the other of any two successive values that can be

indicated or recorded.[l. 10]

semi-automatic zero-setting.mechanism. Automatic
means provided to attain a direct zero balance

indication requiring a single initiation by an

operator.[2.20]

sensitivity requirement (SR). A performance

requirement for a non automatic-indicating scale;

specifically, the minimum change in the position of rest

oJ the indicating element or elements of the scale in
response to the increase or decrease, by a'specified
amount, of the test load on the load-receiving element

of the scale.[2.20]

sensitivity (of a nonautomatic-indicating scale). The

value of the test load on the load-receiving element of
the scale that will produce a specifred minimum change

in the position of rest of the indicating element or
elements of the scale.[2.20]

sþift test, A test intended to disclose the weighing
performance of a scale un.ier off-center loading.[2.20]

side. That portion of a pump or dispenser which faces

the consumer during the ¡ normal delivery of
product.[3.30] '
(Added 1987)

simulated-road test. A distance test during which the

taximeter or odometer may be actuated by some means

other than road tavel. The distance traveled is either

measured by a properly calibrated roller device or
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òomputed from rolling circumference and wheel-tum

data.[5.53, 5.54]

simulated test. A test using artificial means of loading

the scale to determine the performance of a

belt-conveyor scale. [2.2 I ]

single-tariff taximeter. One that calculates fares at a

single rate only. [5.54]

skirting. Stationary side boards or sections of belt
conveyor attached to the conveyor support frame or
other stationary support to prevent the bulk material
from falling off the side of the belt.[2.21]

slow-flow meter. A retail device designed for the

measurement, at very slow rates (less than a L (10 gal)

per hour), of liquid fuels at individual domestic ins-

tallations.[3.30]

small-delivery device. Any device other than a
large-delivery device.[3.34]

span (structural). The distance between adjoining
sections of a scale.[2.20]

(Added 1988)

specification. A requirement usually dealing with the

desig¡r, construction" or marking of a weighing or
measuring device. Specifications are directed primarily

to the manufacturers of devices.[l.10]

strain-load test. The test of a scale beginning with the

scale under load and applying known test weights to

determine accuracy oveÍ a portion of the weighing
range. The scale errors for a stain-load test are the

errors observed for the lnown test loads only. The

tolerances to be applied are based on the known test

load used for each eror that is determined.12..20,2.22l

subordinate graduation. Any graduation other than

a main graduation. (Also see "graduation."Xl.l0]

subsequent distance or time intervals. The intervals

corresponding to money drops following the initial
money drop.[5.54]

surface gauge. A combination of (l) a stationary

indicator, and (2) a movable, graduated çlement
desþed to be brought into contact with the su¡face of
the liquid from above.[4.43]

T

tail pulley. The pulley at the opposite end of the

conveyor from the head pulley.[2.21]

take-up. A device to provide suffrcient tension in a

conveyor belt so that the belt v/ill be positively driven

by thç drive pulley. A counter-weighted take-up

consists of a pulley free to move in either the vertical or
horizontal direction with dead weights applied to the

pulley shaft to provide the tension required.[2.21]

tare-weighbeam elements. The combination of a tare

bar and its fractional bar, or a tare bar alone if ,no

fractional bar is associated with it.lz.20l

tare mechanism. A mechanism (including a tare bar)

designed for determining or balancing out the weight of
packaging material, containers, vehicles, or other mate-

rials that are not intended to be included in netweight

determinations. [2.20]

taximeter. A device that automatically calculates, at a

predetermined rate or rates, and indicates the charge for
hire of a vehicle.[5.54]

testing. An operation consisting of a series of
volumetic detemrinations made to veriS the accwacy

of the volume chart that r¡vas developed by
gauging.[4.43]

test liquid. The liquid used dwing the test of a

device.[3.30]

test chain. A device used for simulated tests consisting

of a series of rollers or wheels linked together in such

a manner as to assure uniforrrrity of weight and

fteedom of motion to reduce wear, with conseguent

loss of weight, to aminimum.lz.zll

test train. A úain consisting of or including reference

weight cars and used to test coupled-in-motion railway

tack scales. ,The reference weight cars may be placed

consecutively or distributed in different places within

a üain.[2.20]
(Added 1990)(Amended 1991) 

t

test weight car. A rãilroad car designed td be a stable

mass standard to test railway track scales. The test

weight car may be one of the following types: a self-

contained composite car, a self-propelled car' or a

standard railcarl2.20f
(Added 1991)
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time recorder. A clock-operated mechanism designed
to record the time of day. Examples of time recorders
are those used in parking garages to record the "in" and
"out" time of day for parked vehicles.[5.55]

timing device. A device used to measure the time
during which a particular paid-for service is dispensed.
Examples of timing devices are laundry driers,
car-wash timers, parking meters, and parking-garage
clocks and recorders. [5.55]

tolerance. A value fxing the limit of allowable error
or departure from true performance or value. (See also
"basic tolerances. ")[ 1. I 0]

training idlers. ldlers of special design or mounting
intended to shift the belt sideways on the conveyor to
assure the belt is centered on the conveying
idlers.[2.21]

transfer standard. A measurement system designed
for use in proving and testing cryogenic
liquid-measuring devices. [3. 34]

tripper. A device for unloading a belt conveyor at a
point between the loading point and the head
pulley.[2.21]

U

uncoupled-in-motion railroad weighing system. A
device and related installation characteristics consisting
of(1) the associated approach trackage, (2) the scale
(i.e., the weighing elemen! the load-receiying element,
and'the indicating element with its software), and (3)
the exit tackage which permit the weighing of railroad
cars uncoupled in motion.l2.2Dl (Added 1993)

underregistration. See "overregistration" and
"underregistration. "[ 1 . I 0]

unit price. The price at which the product is being
sold and expressed in whole units of
measurement.[3.30]
(Added 1992)

unit weight. One contained u¡ithin the housing of an
automatic-indicating scale and mechanically applied to
and removed f¡om the mechanism. The application of
a unit weight will increase the range of automatic
indication, normally in increments equal to the
reading-face capacity. [2. 20]

Definitions

unit train. A unit tain is defined as a number of
contiguous cars carrying a single commodity fromone
consignor to one consignee. The number of cars is
determined by agreement among the consignor,
consignee, and the operating railroad,[2.20]

user requirement. A requirement dealing with the
selection, installation, use, or maintenance of a

weighing or measuring device. User requirements are
directed primarily to the users of devices.[ 1 , l0]

usual and customary. Commonly or ordinarily found
in practice or in the normal course of events and in
accordance with established practices. [l. 10]

v

value of minimum graduated interval. The value
represented by the interval from the center of one
graduation to the center of the succeeding graduation.
Also, the increment between successive recorded
values. (AIso see "graduated interval.")fl. 1 0]

vehicle on-board weighinþ system. A weighing
system designed as an integral part ofor attached to the

frame, chassis, lifting mechanism, or bed of a vehicle,
hailer, industrial truck, industial tractor, or forklift
tuck. [2.20] (Amended 1993)

vehicle scale. A scale adapted to weighing highway,
farnl or other large industrial vehicles (except railroad
freight cars), loaded or unloaded.[2.20]

verifïcation scale division, value of (e). A value,
expressed in units of weight (mass) and specified by
the manufacturer of a device, by which the tolerance
values and the accuracy class applicable to the device
are determined. The verification scale division is
applied to all scales, in particqlar to ungraduated
devices since they have no graduations. The
verification scale division, e, may be different from the
displayed scale division, d, for certain other devices
used for weight classiffing or weighing in
pre-determined amounts, 4nd certain other Class I and
II scales.[2.20]

visible ffpe. A type of devicf in wtrictr the measure-

ment takes place in a see-through glass measuring
chamber.[3.30]
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v.,n (minimum load cell verification interval)' The

säåttest load cell verification interval into which the

load cell measuring range can be divided. [2'20,2'2ll
(Added 1996)

w

weighbeam. An element comprising one or more bars,

equipped with movable poises or means for applying

counterpoise weights or bottr.[2.20]

weighing element' That portion of a scale that supports

the load-receiving element and fansmits to the

indicating element a signal or force resulting from the

load applied to the load-receivirrg element.[2'20]

(Added 1988)

weighment. A single complete weighing

operation. [2. 20, 2.21]
(Added 1986)

weight, unit. See "unit weight'"[2.20]

weight classifier. A digital scale that rounds weight

values up to the next scale division. These scales

usually have a verification scale division, e, that is

smaller than the displayed scale division.[2.201
(Added 1987)

weight rânges. Electrical or elecûo-mechanical

elements incorporated in an automatic indicating scale

through the application of which the range of automatic

indication of the scale is increased, normally in

increments equal to the reading-face capacity.[2'20]

wet basis. See "moisture content (wet basis)."[5'56]

wet hose. A discharge hose intended to be full of
liquid at all times. [See "wet-hose type."][3'30]

wet-hose type. A type of device designed to be

operated with the discharge hose full of liquid at all

times. [See "wet hose."][3.30]

wheel-load weighers. Compact, self-contained'

portable weighing elements specially adapted to

determining the wheel loads or axle loads of vehicles

on highways for the enforcement of highway weight

laws only.[2.20]

wholesale device. Any device other than a retail

device. [See "retail device."][3.30, 3.32]

wing pulley. A pulley made of widely spaced metal

barv in order to set up a vibration to shake loose

material off the underside (retum side) of the

belt.[2.21]

Z

zero-load balance. A correct weight indication or

representation of zero when there is no load on the

loãd-receiving element. (See also "zero-loadbalance

for an automatic-indicating scale," "zero-load balance

for a nonautomatic-indicating scale," "zero-load

balance for a recording scale.")[2.20]

zero-load balance, automatic-indicating scale' A
condition in which the indicator is at rest at, or

oscillates through approximately equal arcs on either

side of, the zero graduation.[2.20]

zero-load balance, nonautomatic-indicating scale' A
condition in which (a) the weighbeam is at rest at' or

oscillates through approximately equal arcs above and

below, the center of a trig loop; (b) the weighbeam or

lever system is at rest at, or oscillates through

approximately equal arcs above andbelow, a horizontal

position or a position midway between limiting stops;

or (c) the indicator of a balance indicator is at rest at or

oscillates through approximately equal arcs on either

side of, the zero graduation'[2'20]

zero-load balance for a recording scale' A condition

in which the scale will record a representation of zero

load.[2.20]

zero-setting mechanism. Means provided to attain a

zero balance indication with no load on the

load-receiving element. Three types of these

mechanisms arcl'12.201

manual zero-setting mechanism' Nonai¡tomatic

means provided to attain a zero balance

indication by the direct operation of a

conhol.[2.20] ,

semiautomatic zero-setting mechanism'

Automatic means provided to attain a direct zero

balance indic4tion requiring a single'initiation by

an operator.[2.20]

automatic zero-setting mechanism' Automatic

means provided to maintain zero balance

indication without the interventign of an

operator.[2.20]
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zone af uncertainty. The zone between adjacent
increments on a digital device in which the value of
either of the adjacent increments may be
displayed.[2.20]
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Periodical

Journal of Research of the National Institute of Standards and Technology-Reports NIST research
and development in those disciplines of the physical and engineering sciences in which the Institute is
active. These include physics, chemistry, engineering, mathematics, and computer sciences. Papers cover a
broad range of subjects, with major emphasis on measurement methodology and the basic technology
underþing standa¡dization. Also included from time to time are survey a¡ticles on topics closely related to
the Institute's technical and scientific programs. Issued six times a year.

Nonperiodicals

Monographs-Major contributions to the technical literature on va¡ious subjects related to the
Institute's scientific and technical activities.

Handbooks-Recommended codes of engineering and industrial practice (including safety codes) devel-
oped in cooperation with interested industries, professional organizations, ard regulatory bodies.

Special Publications-Include proceedings of conferences sponsored by NIST, NIST annual reports, and
other special publications appropriate to this grouping such as wall charts, pocket cards, and bibliographies.

National Standard Reference Data Series--Provides quantitative data on the physical and chemical
properties of materials, compiled from the world's literature and critically evaluated. Developed under a
worldwide progÉm coordinated by NIST under the authority of the National Standa¡d Data Act (Public
Law 90-396). NOTE: The Journal of Physical and Chemical Reference Data (JPCRD) is published
bimonthly for NIST by the American Chemical Society (ACS) and the American Institute of Physics (AIP).
Subscriptions, reprints, and supplements are available from ACS, ll55 Sixteenth St., NW, Washington,DC
20056.

Building Science Series-Disseminates æchnical information developed at the Institute on building
materials, cpmponents, systems, and whole structures. The series presents research results, test methods, and
performance criteria related to the structural and environmental functions and the durability and safety
characteristics of building elements and systems.

TL.chnical Notes-studies or reports which are complete in themselves but restrictive in their treatment of
a subject. Analogous to monographs but not so comprehensive in scope or definitive in treatment of the
subject area. Ofæn serve as a vehicle for final reports of work performed at NIST under the sponsorship of
other government agencies.

Voluntary Product Standards-Developed under procedures published by the Department of Commerce
in Part 10, Title 15, of the Code of Federal Regulations. The standards establish nationally recognized
requirements for products, and provide all concerned interests with a basis for common understanding of
the characteristics of the products. NIST administers this program in support of the efforts of private-sector
standardizing organizations

Order the foltowing NIST publications-llPS and NISTIR*-trom the National Tëchnical Information
Service, Springfield, UA 22161.

Federal Inforrnation Processing Standards Publications (FIPS PUB)-Publications in this series
collectively constitute the Federal Information Processing Standards Register. The Register serves as the
official source of information in the Federal Government regarding standards issued by MSf pursuant to
the Federal Property and Administrative Services Act of 1949 as amended, Public Law 89-306 (79 Stat.

| 127), and as implemented by Executive Order ll7l7 (38 FR 123 I 5, dated May I l, 1973) and fart 6 of
Title 15 CFR (Code of Federal Regulations). .., ,

NIST Interagency Reports (NISTIRF-A special series of interim or final reports on work performed by
NIST for outside sponsors (both government and nongovernment). In general, initial distribution is handled
by the sponsor; public distribution is by the National Tèchnical Information Service, Springfield, UA2216l,
in paper copy or microfiche form.
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